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ABSTRACT 


THE USE OF A TRACKING TEST BATTERY IN THE 
QUANTITATIVE EVALUATION OF NEUROLOGICAL FUNCTION 

Brian Stephen Repa 

In the present research, a mamber of tracking tasks that have proven 
useful to control engineers and psychologists measuring skilled perfor- 
mance have been evaluated for clinical use. Normal subjects as well 
as patients with previous diagnoses of Parkinson's disease, multiple 
sclerosis, and cerebral palsy were used in the evaluation. The tests 
that were studied included step tracking, random tracking, and critical 
tracking. 

A position control stick with negligible dynamics and a large 
range of movement was employed to keep response limitations imposed 
by the equipment to a minimum- An over-size display screen with large 
vertical lines for target and follower helped to reduce the effects of 
any patient visual problems. The standard quantitative performance 
measures, reaction time and movement time, integrated absolute error, 
and estimated effective time delay, were used. 

The tests were administered to a group of young normals , ages 18 to 
21, and to a group of older normals, ages 50 to 74, to obtain quantitative 
standards against which patient performance could be compared and to 
assess the importance of age, sex, learnings and hand dominance on 
performance. Ten of the older normals participated in a test-retest 
study to determine reliability measures. Five of the six tracking indices 
had reliability coefficients significantly different from zero at or 
above the 5% level. Leeirning effects, measured with the same subjects, 
were not statistically significant. 

Significant differences in performance with age were found for the 
step reaction time and step movement time measures. These differences 
were attributed to a more cautious approach taken by the older subjects. 
While males tended to perform better than females, statistically signifi- 
cant differences were observed only for the movement time measures in the 
young normal group and were attributed to large differences in strength. 

No differential effects for right versus left handed performance were 
noted in a sub-group of 8 young normals. 

A factor analysis of the new tracking measures and selected measures 
from two established, quantitative clinical jtest batteries , the CQNE 
(GliniGal-Quantitative-Nevirological -Exam^ation), and the SABLE . ( Simulated 
Activities of Daily Living Examinational wa^i performed using 20 young ^ 


normals. The analysis demonstrated that the tracking measures were 
comprehensive in that each of them loaded heavily on a different factor. 

In addition, integrated absolute error was found to measure a factor 
identified as Rate Control which was previously lacking in 'the CQNE. 

As an evaluation of practical utility the tracking test battery was 
used in a drug trial designed to compare the efficacy of amantadine versus 
placebo in treating 28 parkinsonian patients already receiving optimal 
doses of L-DOPA. The tracking measures provided information that was 
useful in detecting modest but statistically significant changes in 
motor performance. The findings were verified by comparison with more 
established qualitative and quantitative measures of performance, in- 
cluding the professional opinion of two attending neurologists. 

Phase plane diagram.s of step tracking responses and power spectral 
density functions of random tracking error provided dramatic pictorial 
characterizations of the performance of patients with movement dis- 
orders. Both techniques offer a compact way of describing tracking 
behavior while still retaining the important features of the actual 
movement patterns involved. The phase plane method, in particular, 
appears to offer promise for objectively evaluating intention tremor. 

The results of the present experiments encourage the continued 
use of tracking tasks as assessment procedures in a clinical environ- 
ment. They have proven to be reliable, valid, and sensitive measures 
of neurological function. 



PREFACE 
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CHAPTER I 
INTRODUCTION 


Approaches to the Study of Movement Disorders 


The capacity of man's motor system plays a prominent role in deter- 






given neurological function of the patient into broad categories such 
as supernormal, normal, and abnormal (mild, moderate, or severe), he 
often has difficulty in detecting small but significant changes in the 
patient's condition over time. Certain aspects of patient function, 
such as gait and associated movements, can be routinely measured in a 
subjective manner even though they do not, at the present time, lend 
themselves readily to objective measures. However, objective measures, 
when available, are more precise than subjective ones and are especially 
useful when small changes in performance are expected. 

Batteries of sensory-motor performance tests have thus become in- 
creasingly popular as a means of evaluating neurological abilities. 

These tests achieve considerable objectivity by using highly restricted 
responses that are readily counted or timed. For example, hand speed, 
reaction time, and hand steadiness are ali fairly easy to measure 
objectively with the result that they are far more precise than when 
measured in a subjective manner. However, most objective tests of 
motor performance are concerned with the completion of a specific task 
or the number of tasks completed in a given interval of time with little 


concern for how the’ outcome is achieved. The Purdue Pegboard is typical; 
and it requires liat the subject pick up a series of small pegs, move 
them, and then place them into a row of small holes. The number of 


pegs so placed within a given period of|t|.me is measured; but the process 
of picking up a peg, moving it, and:placi|ig it is not examined in detail. 


Thus , while tests like the Purdue 

I 

that are useful in detecting sraal 

I 

grossly defineithe motor act itse 


placiig it is not examined in detail. 

■■ (l ' ' 

gbo^i provide quantitative . measures 


d provi< 

i 

I 


anges,' in performance , tHeyi only i 

J . , i , , : 
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required to perform continuous movements graded along various spatial 
and temporal dimensions , and it is a breakdown in the spatial-tenporal 
organization of movements that is a characteristic of many neurological 
disorders. The movements required in a tracking task are a compromise 
between highly restricted movements which make response processes 
difficult to study and highly unrestricted ones which result in recording 
and scoring difficulties. Furthermore » the standard tracking apparatus 
provides complete access to the stimulus and response records for both 
on-line and off-line analysis and quantitative as well as qualitative 
interpretations . 


Introduction to Tracking 

Basically, all tracking tasks require motor responses that bring 
an output signal into correspondences with an input signal. In the 
majority of tracking tasks, input information is displayed visually on 
a cathode ray tube (CRT). The output is from a system that is controlled 
manually by the subject through a control stick which is typically 
operated by the hand or arm. A general representation of a tracking 
system is shown in Figure 1.1. The subject is referred to as the human 
operator because ,he can be viewed as an information processing system 


operating on sens 
output. The task 


jory inputs in order to produce an appropriate motor 


of the human operator is to bring the system output 


I ■ 
1 ' 


Ihtd''a^eemeht“w^^ -input quantity knoWn -as- the _ system_fprcing 


li- ! 


function or target signal. The syfetem 


of a controlled element or plant vihich 


tial equation. Since the output cj: 


be 


putput is a measure of the output 

'I i ■ 

ay be described by a.differen- 

; I - I I i" , ! 

controlled element is fed| back 







to the input, the system is known as a closed loop control system. If 
the operator is presented with a display screen showing only the error 
between the system output and the system forcing function, the task is 
called compensatory tracking . If both the forcing function and the 
system output are displayed individually, the task is referred to as 
pursuit tracking. The operator controls the output of the plant by 
means of a control stick or manipulator which , like the plant , can also 
be described in terms of a differential equation. The operator thus 
serves as a continuous controller who perceives the system error, 
determines a course of action, and then communicates his decision to 
the system by an appropriately controlled muscular response. 

Tracking research was initiated out of practical necessity, i.e., 
certain facts about how the human behaved as a tank turret operator and 
anti-aircraft gunner during World War II were required in making practical 
engineering design decisions. The tracking task made it possible to 
study rather precisely the combined sensory, decision-making, and motor 
behavior of a human subject as a component in a closed-loop control system. 
Tracking was soon applied to aircraft control and more recently to auto- 
mobile and spacecraft control. As a result, an extensive and sophisticated 


methodology for studying tracking behavior is now in existence (two good 


survey papers are 


Summers and Ziedman, 1964 and Young and Stark, 1965). 


The input an^ output signals as well as the general nature of the 


I : 




tracking task are operationally well defiied and experimentally | controllable! 

I |il * 

As a result, psychologists and physiologists have turned to tracking as ] 


a vehicle for s'tudying man's basic 


'•il l I : I . . . 

i|Siyclp|notor performance capabilities. 
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In fact, the potential of tracking tasks for use in clinical applications 
has been recognized for many years. A number of investigators have 
demonstrated the usefulness of these tasks in drug research and in 
measuring the performance of patients with neurological disorders . 

Stark and lida (1961) were among the first to use tracking tasks in 
studying patients with neurological disorders. Working with a group 
of 20 parkinsonian patients, they performed a series of experiments 
including random compensatory tracking and step tracking. Comparisons 
made between normals and patients indicated that the motor performance 
of the patients was severely restricted. The main interest of the 
investigators was to obtain a model for predicting the important features 
of parkinsonism, and their efforts were not directed to practical clinical 
considerations. 

Webster (1960, 1966) and others have developed control sticks which 
are used to manipulate the subject's arm in order to measure muscular 

rigidity. The same type of device can also be used to measure tremor 

j 

and rapid alternating movements. Websterj,has also used a secondary 

1 ‘ 


i itaj 

11 ! 

?fori 


pursuit tracking task to keep patients al, 

} 

tion while rigidity measures were being jtil<|' 
he found significant improvement in per 
after drug therapy and brain surgery while 

shox ed only minimal improvement. 

1 ! • ■ . 

^ Johns and Draper (1964a ,b) 

of 4n arc-li ce . array of neon larpps 

I 

rotftioh to Quantify coordinated raov^4hi|j|| 


isrft and to divert their atten- 


have 



eln on their free arm; and 
niance with parkinsonian patients 
standard clinical tests 


t tep tracking device composefi 
ter controlledi by wr-ist 
both normals as! well as 


parkinsonian patients. They reported that the major defect of parkinsonism 


lay in reduced velocity of motion although reaction time was also delayed 
somewhat. The effect of a variety of drugs on this disorder was also 
reported . 

Angel, et al. (1970, 1971) also tested parkinsonian patients with 
a, step tracking task, but they purposely elicited false moves by 
periodically reversing the control/display polarity. Error correction 
times were found to be significantly longer for patients than for normals 
and during treatment with L-DOPA v?ere found to be more sensitive to small 
changes in neurological function than either movement time or reaction 
time. 

In a recent random tracking study by Bov;en , Hoehn, and Yahr (1972), 
parkinsonian patients were required to track a moving target light with 

a photocell attached to their index finger. "•Thile this technique uses 

i 

a simple time off target scoring procedure and can not be administered 
to patients exhibiting severe treiaor, it does represent the ultimate in 
keeping movement restrictions imposed by the equipment to a minimum. 

The authors found patient performance to be significantly worse than 
that of a normal control group. Of more importance, however, comparison 
of the performanc^ of patients with primarily unilateral symptoms with 


that of patients j^ith nonlateralized symptoms suggested to the authors 

' li 

that the right hemisphere plays a more important role in visuospatial 
ability than the left hemisphere, ''i : I' 1 ■ i ' ' 


Eye tracking has been investi<;ated |b 7 Melville Jones and De Jong 

Ti:’i i :l! i j i 

4isti=s sLoa<|ic 4ye 


(1971a ,b) who l^ave found that the 
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movements are essentially the same for parkinsonian patients and normals 
except for the tendency of patients to make smaller saccades requiring 
subsequent corrections. However, when rapid, alternating eye movements 
Ijetween two fixed visual targets were required, it was found that the 
patients took about twice as long as normal to complete a cycle of the 
task. It was suggested that the impairment of oc\ilon!otor performance 
appeared similar to that in the skeletal motor system of parkinsonian 
patients. -s 


Eye-tracking was also investigated in a pilot study of cerebral 
palsied children by Shackel and his associates (Shackel, et al., 1962). 
Grouping the data together for both saccadic and pursuit tasks, the 
cerebral palsied children were found to perform 50 percent worse than 
the control groups. Scoring was based on the number of saccades required 
to move from one point to the next and the average nxjmber of saccadic 
movements and the percentage of time off target during a pursuit task. 
Another interesting finding was that eye tracking performance correlated 
with age for both experimental and control groups indicating a long-term 
development of eye tracking as a sensory motor skill. 

Work in this laboratory (Albers, et al., 1969, 1970, 1972) has also 

I (I 

demonstrated the usefulness of tracking tasks in measuring neurological 


measure 

I 

normals 


Tnosf serverely 


s are sensitive enough to dq 
as well as to meaningfully 


function. Using constant, sinusoidal, and random inout signals and 

■ IT M 

employilng a force control stick, Alberk showed that quantitative tracking 


tect small individual differences in 


afflicted patient. 


represent the performance of feven the 


resulting 


Harigesi in patient performance 


! 
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from drug therapy and surgical intervention were also investigated and 
documented using these measures. 

Objective evaluations of many of the clinical uses of tracking 
tasks must remain qualified, however. In general, the reliability and 
validity of the tests have not been reported. In the drug studies, 
either the number of patients used has been very small , placebos have 
not_bean_admijiistered_for control pu rpos es , or the effects of learning 
on improvements in performance in repeated testing have been unreported. 
Furthermore, only a small number of the different types of tracking 
tasks and tracking performance measures available have been investigated. 


Criteria for Test Evaluation 


The essential factors in detemining the value of tracking tasks 
for use in clinical investigations are the reliability and validity of 

i 

a representative sample of the tasks in specified clinical situations. 
The terra reliability refers to the degree of stability or consistency 
with which a test will order persons on a trait continuum. Validity 
refers to the degree to which a. test actually measures what it purports 
to measure. There are several operational ways of measuring both 
reliability and validity. No one measure is universally preferable, 
for the choice dejsends upon the way in v?hich the test scores will 
be used. 

The“mbsf obvious andl^and ~ in~thej'ca^ - of sensory -motor test s , the 


I 


most appropriate method for finding tjhe 

;:| i 

means of a retqst on a second occasion 

!U- i 


i 

riliability of a test is by 


iThe reliability is then 


11 


specified by the correlation between the two resulting sets of test 
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the usefulness of the tracking tests in controlled clinical trials. 

The effectiveness of a set of tests in predicting some future outcome 
is referred to as predictive validity. Construct validity is concerned 
with the degree to which a test measures a "theoretical construct" or 
trait. It is a broader, more general concept of validity that makes use 
of the common implication of results from a wide variety of approaches 
-tO— get..at_a _sing le "cons tr uct." Factor analysis, a statistical technique 
for uncovering interrelationships between different test variables, is 
of particular relevance to this concept of validity. 


Selection of Tracking Tasks 

The first problem in evaluating the effectiveness of tracking tasks 
for use in clinical applications is the selection of a comprehensive set 
of tasks. A very extensive and sophisticated methodology for studying 
tracking behavior has been developed. Three task variables have a major 
effect on the subject's performance — the forcing function characteristics 
the controlled element dynamics, and the control stick characteristics. 
One of the keys to realizing the objectives of the present experiments 
lies in the proper selection of these task variables. 


Since the forcing function characteristics must be measurable and 

^ i !i . 

amenable to mathematical analyses, they have typically been restricted 


to step or ramp functions; sine, square, or sawtooth waveforms; a 

JU. ■ 

superposition of several nonharmonijc| sinusoids; or a random signal 


describkble statistically. A wide variety of control devices ha$ also 

ill j;| ii i' . .i 

Keen used in tracking research, and! the jiselection of such a device has 



an important bearing on the strategy used by the human tracker. For 
convenience, the subject's primary output can be considered as a force 
applied to the control stick, in v/hich case, the stick displacement 
resulting from the force input is given by 

J ^ + B ^ + Kx = f(t) 

where J is the control stick inertia, B is the damping, K is the spring 
constant, x is the resulting displacement, and f(t) is the forcei The 
selection of a control stick can be viewed as a selection of the magnitude 
of the terms J, B, and K in addition to the physical configuration, i.e., 
whether the stick is to be controlled by arm movements, wrist rotation, 
finger pressure, etc. The dynamics of the controlled element can also 
take a variety of forms. In general, displacement of the control stick 
can be though of as producing a controlled element output given by 

I 

r(t) = kj^x(t) + k2 [ xCt)dt + k^ // x(t)dtdt + k^^ j r(t)dt + k^ Jf r(t)dt 


where the are constants, x(t) is the control stick displacement, and 
r(t) is the controlled element output. The controlled element dynamics 
are thus dependent on the constants k^j^ through k^ which can be selected 
with a great deal ;of freedom. 


In addition to the variety of task configurations, there are numerous 
time-domain and frequency-domain techniques available for measuring a 


subj ect 's tracking ‘per fbfmance™ "In "^acf, j almost -all of the techniques 


used for analyzing feedback control, systems can be used to advantage in 


specifying human performance. For Step | tracking tasks, therej ai?e time 
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and follov/er lines were used for all the tests. Step tracking with a 
unity gain plant was chosen for the first basic test because it provides 
a somewhat simpler situation than continuous tracking for studying the 
timing aspects of motor responses. Since both stimuli and responses 
occur at discrete points in time, this type of task corresponds closely 
to a series of rapid positioning movements. Reaction time and movement 
ti-me-were—selee-ted— as— performance— measures.. 

A continuous tracking task with a random appearing input signal was 
chosen as the second test. The random input requires the subject to 
depend upon the continuous observation of display error rather than 
his predictive abilities to m.ake his response, thus providing data 
relating to the final common pathways of the neuromuscular control 
system. In order to keep the task as simple as possible a unity gain 
plant was selected. Integrated absolute error was chosen for the 
performance measure. 

The final task included in the test battery is that of critical 
tracking. This task, developed by Jex and his associates (Jex, et al. , 
1966) is fairly easy to mechanize, does not require extensive learning. 


and is highly reliable, thus providing features of considerable impor- 


tance for clinical applications. The task is used with no external 

I 

( 

forcing function, for the subject's 0 ’.-m motor noise serves as an input 

! ! i 

to exci:e the increasingly unstable controlled element. The effective 


time delay, which is the single performance index of the critical task. 


IS a function of the sx±>ject*s transport delays and central nervous 
system latencies, average neuromuscular lag, and predictive ability. 
Although this task has not been previously used with pathological' 
subjects, it has proven useful in documenting performance changes due 
to small doses of ^-amphetamine (Domino, et al., 1972), to long term 
confinement in a space station atmosphere (Allen and Jex, 1971), and 
to—the— s tre s se s-of— heat— and— noi se~(Swi sher„ and Maher, 1972). 


The CQNE and SADLE 


While tracking tasks have much to offer in quantifying neurological 
function they are not intended to measure all aspects of psychomotor 
performance. Investigators have long known that the total performance 
capabilities of an individual cannot be specified on the basis of a 

single performance test. A much more comprehensive series of tests is 

: < 

required, and the most extensive battery 'of objective tests for evaluating 
the performance of patients in controlled clinical trials is the Clinical 
Quantitative Neurological Examination (CQNE), developed by Tourtellotte 
and his associates. The CQNE is composed of motor and sensory tests 
that purport to measure abilities that determine an individual's perfor- 
mance limitations, Some of the tests included in the battery are rotary 
pursuit, Purdue pjgboard, visual acuity, and strength of various muscle 
groups. A complete list of the test battery is provided in Chapter II. 

' • i' ■ 

Considerable -experience-has-been -gained [with, the _CQNE_as J.t has been 
used in a number of studies using ^symptomatic subjects to obtain- 


! ! 


normative data and in several therqpeutlb 


trials involving multiple 
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sclerosis and Parkinson's disease patients. In addition, the reliability 
and validity of the measures have been well documented (Tourtellotte , 
et al., 1965; Kuzma, et al. , 1965; Rose, et al. , 1970; Pctvin, 1971; 
Walker, et al. , 1972a, b). 

A set of tests called the Simulated Activities of Daily Living 
Examination (SADLE), originated by therapists in the Department of 
-Physical— Hed-i-ei-ne-at— the— Uni vers if V— of— Mi chi gan> h as also been used with 
the CQNE in evaluating clinical trials (Walker, et al. , 1972a, b). As 
its name implies, the SADLE is composed of a set of tests that simulate 
simple skills of daily activity, such as putting on a shirt, dialing a 
telephone, and using a fork. Test scores reflect a compound measure of 
a variety of factors, such as reaction time, coordination, and strength; 
and, as a result, provide little information regarding the nature of 
improvement in a clinical trial. The SADLE is of importance to both 
the patient and the physician, however, because it measures the patient's 
ability to carry out his functional activities and, consequently, has 


greater face validity than the CQNE. 

Considerable research has gone into 


•1 • 


establishing the effectiveness 


of the CQNE and SADLE for use in evaluating i controlled clinical trials. 

I lli 

As a result, both batteries provide excellent standards for comoarison 

. i I it! . 

wit 1 the tracking test battery , 'which apaieaips to fall somewhere in 

! ! jili: 

between the CQNE and SADLE with 


fun 


regarid !to: complexity and relevance to 


tiohal ajCtivities. The CQNE and jSAp]|i|, if 



ere administered , concurrently I 


I I 


/ 




la 


to all subjects and patients studied with the tracking test batterj^', and 
they thus provided excellent external criteria for assessing the 
effectiveness of the new tracking measures. 

Objectives of the Present Experirnents 

The present experiments have been specifically directed tovrard the 
evaluation of the effectiveness of the selected tracking test battery 
in documenting and detecting changes in motor dysfunction. The empirical 
studies to be reported thus take several forms. 

(1) Establishing the reliability of the selected tracking test 
measures in a clinical context. 

(2) Studying asymptomatic subjects to obtain quantitative stan- 
dards against which patient performance can be compared and 

to assess the inportance of age, sex, and learning on performance 

(3) Establishing the validity of the tracking test measures 
through comparison with other standards in a controlled 
clinical trial. 

(4) Determining the interrelations between the tracking test 
measures and other more established motor performance tests . 

(5) Investigating more analytic procedures for describing 


abnormal tracking performance 


Contents of the Following Chanters 


^ound 


Chjaoter I has served as an introductory chapter to present a back- 


in the techniques that have 


disabilfities , 


been used in the evaluation of motor 


I 

• I 

I ' 


to describe the featurles pfj tracking tasks that ma 


ke them 
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worthy of consideration for use in clinical evaluations , and to suggest 
an approach for thoroughly evaluating the effectiveness of tracking tasks 
for use in a quantitative clinical testing program. 

With this background, Chapter II describes the subjects, patients, 
and methods that were used in the evaluation of a tracking test battery 
that was specifically designed for clinical use. A complete documentation 
of the test apparatus is also included. 

-GhaBt-er—I-I-I— describes— the^results„Qf__applying the tracking test 

battery to normal subjects. The reliabilities of the tracking performance 
measures as well as the importance of age, sex, learning, and hand 
dominance on performance are considered. 

The interrelations between the tracking test measures and upper 
extremity tests from the CQNE and SADLE are considered in Chapter IV. 

Chapter V describes the application of the tracking test battery 
to a controlled therapeutic drug trial. The results of the tracking 
battery are compared with those from more established tests which were 
also administered during the trial. 

The application of two advanced systems engineering techniques , 
phase plane diagrams and power spectral density analysis, are considered 
in Chapter VI. 

In Chapter V ;i overall conclusions, a summary of contributions, and 
suggestions for future work are presented. 



CHAPTER II 


SUBJECTS AND METHODS 


This chapter will consider: 

(1) The patients and subjects that were studied 

(2) The tracking test battery and performance measures 

(3) The technique used for administering the tests 

(4) The CQNE and SADLE 

(5) The data analysis techniques employed 

(6) The experiments conducted 


Patients and Subjects 

Four groups including both patients and normal adults vrere studied 
in the present experiments. Each group will be considered individually. 
Parkinsonian patients : The parkinsonian patients were participating 

in a drug study designed to compare the efficacy of L-DOPA and amantadine 
to that of L-DOPA and placebo in the treatment of Parkinson's disease. 

i'! ' 

The 28 parkinsonian-patients evaluatedj during the study were re- 

i j 

cruited from 42 patients participating in ja .previous study designed to 

J - ! lU '■ 

evaluate the efficacy of amantadine alonel’iri the treatment of Parkinson's 



disease (Walker, et al., 1972a). Patient's having concurrent medical 

I ! i . ! i ... . I . 

' 1 ^ i Hfli, . ! 

irap|ssible for them to commute , or previous isterotactic surgery were 


not! considered. The 28 patients conslistediiof 12 women and 16| men having 


an Average age of 65.6 years. 


andaan .average disease stage ofj 2.9 


lii'* 



sease iduration of |9.3 years. 


raj the classification of | 
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Hoehn and Yahr, 1967. A suirnnary description of Parkinson's disease 
characteristics is shown in Table 2.1. More complete descriptions can 
be found in Selby, 1958 and in Koehn and Yahr, 1967. 

Multiple sclerosis patients: The 5 female patients were previously 

diagnosed by the University of Michigan Neurology/ Staff as having 
multiple sclerosis. All patients were ambulatory and had varying degrees 
of u p per extr emity ataxia ranging from slight to moderate-severe. 

Sensory deficit and motor vreakness were minimal. The patients had an 
average age of 30.6 years and an average disease duration of 6 years. 
Table 2.1 gives a summary description of multiple sclerosis, with more 
complete descriptions being found in Fog and Linneman, 1970 and 
McAlpine et al., 1965. 

Cerebral palsy patient: Heterogeneous groups like cerebral palsy 

are usually not selected for group studies. In the present experiments, 
however, illustrating the effectiveness of the tracking techniques is of 
primary importance; and the 40 year old male patient with a previous 
diagnosis of congenital cerebral palsy demonstrated minimal resting 
tremor and mild spastic quadraplegia , characteristics that were 


amenable to tracking analysis. 

i i ; 

' Young adult normal subjects: Ten right-handed male and 10 right- 

I II 

handed {famale undergraduates from The University of Michigan served as 


paid subjects in the present exaeriraents . Responding to a newspaper 

Hi' 

a.dverti sement , the students were required to answer a telephone questionnaire 


requirea 

T|i I : : 


design^ to screen out subjects with; -evident physical or neurological 
abnormalities. In addition, all si. bnectrsi passed an abbreviated 



TABLE 2.1 

SUMMARY DESCRIPTION OF MULTIPLE SCLEROSIS AND PARKINSON"S DISEASE CHARACTERISTICS 
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neuro logoi cal examination immediately prior to performing in the 
experiments. The students ranged in age from 18 to 21 years. 

Older adult noririal subjects: Fifteen subjects age-matched to the 

parkinsonian patients were also studied. Requirements for selection were 
that the subjects be neurologically and physically normal and right-handed. 
The subjects were predominantly the husbands and wives of the patients 
and consisted of 9 women and 6 men vdth an average age of 62.3 years. 

Ten of the subjects were re-evaluated 3 weeks after their initial testing. 
They consisted of 5 men and 5 women with an average age of 63.8 years. 


Description of Tracking Test Battery 

A schematic diagram of the general tracking task, including a 
summary description of the different tests used is shewn in Figure 2.1. 

A picture of the display screen and control stick is shown in Figure 2.2. 
The display was positioned 80 cm from the subject. Two large vertical 
lines of 13 cm and 6 cm were used for the target and follower, respectively 
to help reduce the effects of any patient visual problems . A large 
position stick with negligible dynamics was used for the control stick 

to keep response limitations imposed by the equipment to a minimum 

"i 

I 

(see Herzog , 1967). Three types of tracking tasks were used in the 

i ♦ 

:■ I 

test battery: 

(;j) Step tracking: In this 1fcsk' the subject was required to execute 


a quic]j 

i 

positid 
occupy! 


I , 


adjustive movement that transferred his upper limb from one 


n to another. A pursuit display^ was used with the target; line 


ng one 


of two positions, 14 


dm 


i 


to ..the right or left of ce 


hter . 
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The task of the subject was to maintain alignment of the target and 
follower. A seq^uence of five interstep intervals selected at random 
and ranging from 3.5 to 6.0 seconds was used repeatedly with control 
stick movements of +20° required for alignment. Mean reaction time 
and movement time measures for right to left and left to right tran- 
sitions were calculated for the last 20 of 30 steps. 

(2) Random tracking: In this task. using a compensatory display, 

the subject was required to follow a random appearing input signal. 

The difference between the subject's output and the desired output was 
displayed. The random input had a 0.3 radian/second cutoff frequency, 
meaning that frequency components above 0.3 radian/second were attenuated 
with the degree Of attenuation increasing with freajaency. A more de- 
tailed consideration of how the signal was generated- is shown in 
Appendix C. 

Five trials, each 75 seconds in length, were used, the score for 
each trial being the integral of the subject's absolute position error 
during the middle 45 second portion of the run. The average score for 
the five trials, expressed in mm-seconds/second, was used as the test 
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where X(t) increases linearly with time, is a constant, x(t) is the 
control stick displacement, and r(t) is the plant output. An analogous 
physical task is balancing a broomstick that is getting shorter all the 
time. A was initially set at a low value of 1.0 rad/second and then 
slowly increased at a rate of 0.05 rad/sec until the error went off 
scale . At this time , the computer went into the hold mode and the 
value of X at which control was lost v/as recorded. This value is called 
the critical root. The score, determined by the reciprocal of the 
critical root and given in millisec, is an estimate of the subject’s 
effective time delay in reponding to the continuous error signal. The 
average of the last 15 out of 20 trials was used as the test measure. 
Detailed computer mechanizations for the three tasks are shown in 
Appendix C. 

J 

i 

Administration of Tracking Test Battery ; 

To reduce variability between subjects, all subjects were read 
identical instructions and orientation (see Appendix B). Practical 
examples were used to introduce the task requirements wherever possible 
and fairly exact descriptions of the performance measures used for 
evaluation were also included. 


The CQNE and SADL 


Lists of the: test items in the CQNEi and SADLE that were administered 

[the tracking test battery are 


to the subjects and patients studied with 


versions of the CQNE and SADLE wer 


I 

I, 


. . i 

shown in Tables 2.2 and 2.3, respective]^: 

sj|4dm|h| 

iii; 


. I 
t \ 
I I » 


Cases where abbreviated 


istered will iDe noted in the 

I ; ■ r 
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TABLE 2.3 

THE SIMULATED ACTIVITIES OF DAILY LIVING 
EXAMINATION (SADLE) 


Putting on a shirt 
Opening a door 

Managing visible buttons (three different tests) 

Zipping a garment 

Putting on gloves 

Scrubbing a hand 

Dialing a telephone 

Tying a bow 

Manipulating safety pins 
Picking up coins 
Threading a needle 
Unwrapping a Band-Aid 
Tearing an envelope 

Squeezing^toothpaste — 

Cutting with a knife 
Using a fork 
Pouring water 
Drinking with a straw 


TABLE 2.2 

The Clinical Quantitative Neurological Ex a m i n atioa 
(CQNE) Test Items 


I. Vision: Visual Acuity 

II. Upper Extremities 

A. Strength of Movements 

1 . Grip 

2. Wrist dorsiflexion 

3. Shoulder abduction 

B. Control of Movements 


2 . 

3. 

4. 

5. 

6 . 


Steadiness 

a. Hole steadiness, supported and un- 
supported 

Force steadiness, sup^rted and un- 
supported i , 

Finger tremor, resting and sustension 
Simple reaction time ‘ ' 

Speed of hand 

Speed-coordination of hand| 

Rotary pursuit 


b. 


c. 


Finger dexterity 

a. Purdue Pegboard 

b. Pencil rotation 

C. Fatigue of Movements 

1. Grip strength | 

2 . Speed of hand i 

3. Speed- coordination o^handj 

D. Sensation 

1. Touch, hand 

2. Vibration sense, index finlj 

3. Position sense 

4. Two-point disc 
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Tracking records for the step tracking task and random tracking 
task were recorded on magnetic tape and then reduced off-line. For the 
step tracking task, tape-recorded signals of output velocity and target 
position were displayed on paper by means of a strip-chart recorder. 
Reaction time and movement time were read directly from the strip chart 
record as shown in Figure 2.3. The reaction time for a given response 


(Oegreei) 


Transient Response 

Position 

(Degrees) 


(Oeg/Sec) 



Reaction Time 
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i^ovement Time . 
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DEFINITION OF PERFORMANCE MEASIURfS FOR STEP TRACKING TASK 
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was taken as the time between target motion and the beginning of a 
deflection away from zero on the velocity curve. The ending of the 
movement was defined by the point at which the velocity curve crossed 
the zero level. Movement time was thus defined as the tim.e between the 
beginning and the end of the movement as determined from the velocity 
curve • 

Phase plane diagrams were obtained by playing back at one-quarter 
real time the taped signals of output position and velocity and dis- 
playing them on an x-y plotter. 

For the random tracking task, the taped error signal was played 
back through an absolute value circuit and then an integrator to 
obtain integrated-absolute-error (lAE) scores. A timing device was' 
used to provide integration over the middle 45 sec portion of the 75 sec 
runs . Error power spectra were obtained by sampling the recorded error 
signal at 20 hz with a Hewlett Packard 2115 Digital Computer and then 
computing autocorrelations which were then properly integrated by a fast 
Fourier transform program to yield the power density spectra. The power 
spectra were displayed on a line printer. See Appendix D for more details. 

The quantitative tracking indices were analyzed statistically on 
an IBM 360/67 computer using programs described in Potvin, 1971. 


Description of Experiments 


I! 


-The--present...exp_erimeAts_ h_aye_been designed to determine whether or 


not tracking behavior reflects impprtant 


can be effectively documented in a 




I 


.'icjuannitative cliniqal testing program. 


The primary purpose of the individjiiaji e||i| 

I 
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% 
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the title. 
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effects of learning. In addition, trial by trial scores for both the 
young normals and older normals were investigated to evaluate the 
effects of short-term learning on performance . 

Experiment 5 - Effects of lateral dominance: Eight young adult 
normal subjects v;ere tested on both right and left sides to determine 
the effects of lateral dominance on tracking performance. Since, v/ith 
the exception of this experiment, only dominant side tracking performance 
was measured for all S'object and patient groups, it was felt i'nipoftant 
to take at least a cursory look at these effects. 

Experiment 6 - Interrelations between the tracking test battery 
and the CONE and SADLE: Twenty young adult normal subjects v;ere studied 

with the tracking test battery, CQNE, and SADLE on the same occasion. 

The data collected were analyzed by means of factor analysis to evaluate 
the interrelationships between the 3 batteries of tests. If the tracking 
tests correlate too highly with already existing tests, without adding 
any advantages, then they may merely represent needless duplication. 

Experiment 7 - Establishing consensual validity: The tracking test 

battery was applied in a drug trial designed to compare the efficacy of 
L-DOPA and amantadine to that of L-DOPA and placebo in the treatment of 


28 patients with Parkinson’s disease. Batteries of subjective and 

i li 

objective measures, including the CQNE and SADLE, were also administered. 


The pro 


pedure for the study was as 


the 28 


patients received a gradualljy! increasing dose of L-DOPA until 


each patient reached a stable, maximally tolerable dose (see (Walker, 


1 


t al . , 


tpliows . Over a 4 to 5 month period , 


1972b 1 


At this time, the Ip 


'Ht, 


I • ‘ • • 

jients were randomly divided into 


two treatment groups. One group was given 100 mg of amantadine twice 
daily and the other group received a placebo capsule of identical taste 
and appearance twice daily. Both groups continued to receive their 
maximally tolerable L-DOPA dose. Three weeks later patients were 
evaluated and the amantadine and placebo groups v/ere reversed. After 
another three week period, the patients returned for a final evaluation. 
The results of the tracking test m.easures were then compared with 
patients' impression, neurologists/ siibjective interpretations, and 
CQNE and SADLE results to determine their consensual validity. 

Experiment 8 - Phase plane and power spectral analyses : Experiment 

8 is a demonstration experiment intended to illustrate the value of 2 
systems engineering methods , phase plane diagrams and power density 
spectra, for use in describing movement disorders. Selected tracking 
samples from each of the patient and normal groups were analyzed using 

f 

these techniques, and comparisons vrere made between the graphical 
results and the neurologists' previous diagnoses of patient function. 
Step tracking performance was analyzed using phase plane diagrams and 
random tracking performance was analyzed using error povrer spectra. 



CHAPTER III 


NORMATIVE DATA 


V/henever new quantitative tests for measuring neurological disorders 
are developed, it is of interest to examine the performance of normal 
subjects as well as patients on the tests. The tracking test battery 
was thus administered to two groups of normal subjects: 

(1) 20 young adult normal subjects, 18-21 years old. 

(2) 15 older adult normal subjects, 50-75 years old, 10 of whom 
were retested after 3 weeks. 


The normal subjects were studied for the following reasons: 

(1) To determine the reliability of the tracking task measures. 

(2) To assess the importance of age, sex, learning, and 
dominant versus nondominant body sides on tracking performance. 

(3) To obtain quantitative standards against which patient 
performance could be compared. 


Reliability 


The reliability of the tracking tasl<,s 


ret 


:st study involving 10 older adult npm 

'I 


was determined in a test- 
mnal subje 


i I 


evaluated 3 weeks after their initial e,vai 

^ I ! *1 

aret more effectively measured using normal 


nation. Test reliabilities 
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r jects because of large 
can be justifiajbly 
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♦ Spearman- Brown slit-half correlation coefficients are shown in Table 3.1. 
All coefficients are significantly different from 0 at or above the 

• 5% level with the exception of the right to left movement time measure. 
With the given sample size, the smallest correlation significant at 
the 5% level is .63, so the movement time correlation is only slightly 
below this value. 


TABLE 3.1 


Reliability of Tracking Test Battery Involving 10 Matched 
Normals with a Three Week Interval Between the First and 

Second Examinations 


1 

TEST 

rt 

2r 

1 + r 1 

STEP TRACKING 



Reaction Time, Right to Left | 

.75* 

. 86 

Reaction Time, Left to Right 

. 82** 

.90 

Movement Time, Right to Left 

.60 

.75 

Movement Time, Left to Right 

.67* 

• 80 

RANDOM TRACKING 


1 

Integral of Absolute Error 

/*\ 1 
. 91 

.95 

CRITICAL TRACKING 


1 

Reciprocal of Critical Root 

y Q 'T T* 

vO 

00 


re] 
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Reliabilities of test measures in the CQITE have recently been 
determined by Potvin (1971) using 18 young normal adults and a one month 
inter-test interval. ' Examination of those tests that pvirport to measure 
upper extremity coordination reveals that their reliabilities range 
from .52 to .84. The tracking tests measures, with a range of .60 to 
.96, thus compare favorably with the more established measures, although 
exact comparisons cannot be made because of differences in experimental 
design. Typically, the tracking measures represent a larger number of 
samples of behavior of each subject than the CQNE tests. While Kelly 

states that "The most common basis for low reliability of a set of test 

\ 

scores is that they are based on too few samples of behavior," Anastasi 


(1366) warns that "Tne change in nature of many motor tests with practice 
complicates the determination of reliability." Thus, increasing the 
number of test samples will not always result in increases in reliability 
since different test samples may not measure quite the same function. 

The fact that the CQNE measures were determined with a young subject 


population and a larger number of subjects than the tracking measures 
would tend to produce higher reliabilities for the CQNE tests. One of 
the major generalizations in the field of aging is that older adults 
ire prcine to be more variable in their performance than younger adults 
(BotwiJick and Thompson, 1968). Also, smaller numbers of subjects tend 


has a favorable effect on the track 


to affect reliabilities adversely. 


I . 


Orl the other hand, the tracking study 


Utilized a shorter inter-test interval than the CQNE experiment |vhich 


,ng reliability measures, 


I 
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In any event, the reliabilities of the tracking measxires are quite 
good with the reliability of the Critical Task unusually high for a 
motor performance test . 


Effects of Age 


Average tracking performances for the young adult normal and older 
adult normal subject groups are shown in Table 3.2. In general, the 

young normals per form^^b^fter on T:Ke^tracklng~tasks~than“the'^older 

normals , which is to be expected as "one of the most pronounced changes 
associated with aging is the slowing of sensorimotor activities" (Tolin 
and Simon, 1968). Reaction time scores are significantly faster for the 


TABLE 3.2 

COMPARISON OF TRACKING PERFORMANCE OF YOUNG 
ADULT NORMAL SUBJECTS AND OLDER ADULT NOWAAL SUBJECTS 


Tesf 


Units 

Young Adult 
Normois 

Older Adult 
Normois 

% Change 

f * 




Meon 

' SD 

Mean 

SD 



STEP TRACKING 









Reaction Time, Right to Left 

Milliseconds 

232.3 

32.) 

302.8 

38.9 

23.3 

5.86 **• 

Reoction Time, Left to Right 

Milliseconds 

243.3 

32.4 

294.2 

33.4 

17.3 

4.54 *** 

Movement Time, Right to Left 

Milliseconds 

289.0 

61.0 

489.0 

IIO.O 

40.9 

6.86 *** 

Movement Time, Left to Right 

Mill (seconds 

302.0 

61.0 

568.0 

118.0 

46.7 

8.67 *** 

RANDOM TRACKING 









integral of Absolute Error 



2.01 

as4 

1.89 

0.58 

6.3 

a63 

critical TRACKING 












336.9 

47.3 

361.7 

64.3 

6.9 

1.32 
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't" is ' a 'staf isticar^pararoete : wh^qh' combines the- size of the 


difference 


in means, the nuTnber or opser' 

random variability in the measuren enjts .Ij |lt can be evaluated by consulting, 
the appropriate probability tables .,';tb q^-frermine the significance of the 
observed difference. 
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young normals, a finding in agreement with other investigators who have 
noted that the time taken by mental processes to initiate movements in- 
creases with age (e.g., Singleton, 1954 and Leonard, 1953). The large 


differences in movement time scores for the 2 groups are especially 
striking. The instructions for the task were to "move as quickly and 
accurately as possible." A rapid movement required a high degree of 
control , however, since the position stick dynamics were negligible. 

It appears as if the older subjects have shifted toward increased 
accuracy. Welford (1958) has suggested that such a shift might be due 
to the greater care older people take in the activities in order to 
avoid injury. Singleton (1955) found that with longer movements that 
must be accurately aimed, speed limitations with age are set by the 
perceptual and translatory processes involved in the visual guidance. 
Thus, two factors, increased caution and a reduced information processing 
capacity, appear to account for the slower step tracking responses of 

the older group. 

Both the random tracking task and the .Critical Task force the pace 


of performance more than step tracking. Instead of allowing several 
seconds, to prepare for the newt stimulus and response, these tasks 

continuously graded responsU. As a result, these tasks might 


require 
be expe 


as the 

I 

j 

plder 


eted to force the older subjects to give up their overly cautious 

approach and thus raise their perfcrmance to more nearly the same level 

the 

task. 


formals 


younger subjects. This appdatS| t^o be the case. In fact. 


'showed superior perforjTJnpe| on the random tracking 






I 



39 


although this may be only a technical difference. In order to make 
the task within the capabilities of severely handicapped patients, 
however, the bandwidth of the target signal v;as kept very low (0.3 rad/ 
sec). It is reasonable to assume that the amount of information, in 
the technical sense, to be dealt with in this task was thus well within 
the older normals* capacity to deal with in time. When the view that 
as people get older they tend to become more accurate (Welford, 1958) 
is also considered, it is not at all unreasonable to see slightly better 
random tracking performance with the older group. 

The same arguments cannot be made vdth regard to the Critical Task, 
however. While the fast-paced nature of the task might cause an abandon- 
ment of excessive caution in the older normal group, the lovrer informa- 
tion processing capacity of this group would be expected to result in a 
definite sacrifice in accuracy as higher and higher degrees of instability 
are to be dealt with. The fact that the young normals performed better 
than the older normals is thus an expected finding. 

Another possible reason why the older normals performed slightly 
better than the younger normals on the random tracking task may be due 
to motivation. The random tracking task is quite tedious and requires 


sustained concentration and subject cooperation. Older normal subjects 
are usually highl/' motivated because of their close relationship to the 
patients. The yoxing normal subjects arejpaid volunteers; and even 


though they are \irged to perform at .their 


as motivated as the older subjects 

I 

in the CQNE for incentive groups whij. 


i 


jPot^in C1971) compared performance 


!l! ! 


iwer 


best, they do not always appear 


offered monetary rewards with 


i I 


40 


that for control groups who were given standard instructions to perform ^ 
at their best. Although no significant differences in overall performance 
between these two groups were found for either young normal subjects or 
older normal subjects, the young incentive subgroup showed the largest 
improvements. The tests in Potvin's study v:ere of much shorter duration 
than the present tracking tasks, so motivation might be a bigger factor 
in the present results. 


Effects of Sex 

The data for the two grouns of subjects were also analyzed with 
male and female subjects considered separately. The results for the 
young normal group are shown in Table 3.3. vfhile the males showed 
superior performance on all of the tests, only the movement time scores 


TABLE 3.3 

COMPARISON OF TRACKING PERFORMANCE OF AWLES 
AND FEMALES FOR YOUNG ADULT NORMAL SUBJECT GROUP 




li 


1 

i 




Uniti 


STEP TRACKING 
Reoction Time, Righf to 
Reoction Time, Left to Right 
\ ovement Time, Right to Left 
h ovement Time, Lef^ to Right 

R kNDOM TRACKING 
liftegral of Absolute Error 
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were significantly better. Males are decidedly stronger than females. 
It is fair to assume that a subject’s strength will indicate the power 
that he can put into causing a movement to be made rapidly. The 
significantly faster movement times observed for the males are thus 
to be expected. 

Similar trends exist for the older normals, as shown in Table 3,4. 
The~differences— in— performance-due— to-sex-app.ear__to dec rease with age, 
however . 


Learning Effects 


The same group of- 10 older normals used in the reliability study 
was also used to measure long term learning effects, as shown in Table 3.5 
Although all test scores showed an improvement on the second examination, 
none of the improvements were statistically significant. The greatest 
improvements occurred for the movement time measures. One of the 
reasons offered for the big difference in scores between the older 
normals and the young normals was the excessive caution of the older 
subjects. A second exposure to the step tracking task would thus be 
expected to relieve some of its unnaturalness resulting in a reduction 

I 

! , I 

in their overly cautious behavior, j 


Improvement in performance with repeated trials for each of the 


measure 


older normal groups. The pattern 


I . i 


I I 


s is shown in Figures 3.1 through 3.4 for both the young and 


some subjects 
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ri' improvement was not uniform as 


showed' continued improvement during the trials. 
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TABLE 3.4 

COMPARISON OF TRACKING PERFORMANCE OF /MALES 
AND FEAAALES FOR OLDER ADULT NOR/MAL SUBJECT GROUP 


Tesl 

Units 

Male 

Meon 

SO 

Female 

Mean SD 

% Chonge 

1 

- 

STEP TRACKING 








Reoction Time, Right to Loft 

Millisecondi 

299.0 

33.2 

305.3 

44.1 

2.1 

0.30 

Reaction Time, Left to Right 

MUUiecondi 

280.2 

27.6 

303.6 

35.1 

8.4 

1.37 

1 Movement Time, Right to Left 

Millisecondi 

429.0 

99.0 

529.0 

103.0 

23.2 

1.86 

Movement Time, Left to Right 

Milliseconds 

532.0 

135.0 

591.0 

106.0 

11.0 

0.95 

RANDOM TRACKING 








—IntegroUof-Abiolute-EfTor 


17.4 

6.3 

19.9 

5.6 

14.4 

0,80 

CRITICAL TRACKING 








Reciprocal of Critical Roof 


337.1 

44.7 

378.1 

72.3 

12.2 

1.23 


TABLE 3.5 


LEARNING IN TRACKING TEST BAHERY INVOLVING 10 MATCHED NORMALS 
WITH A THREE WEEK INTERVAL BHWEEN THE FIRST AND SECOND EXAMINATIONS 


T«*t 


Units 


Exam I 
Maon ' SD 


Exom II 
Maon SD 


Differanca 


% Otonga 


t-Diffefance 


STEP TRACKING 
Reoction Time, Right to Left 
Rraoction Time, Left to Right 
Movem en t Time, Right to Left 
Movement Time, Left to Right 

RANDOM TRACKING 
Integral of Absolute Error 


CRITICAL TRACKING 
Raciprocol of Critical Root 


~Milliiecondf 

Milltieoondi 

MillTsaconds 

Millisecondi 


Centime ter^Seconds 


Second 


Mlllltacondi 


' ' -,r 

596 : 109 


I..93 


305 

297 

493 

530 


43 

51 

106 

116 


1.89 .52 


361 61 


-3 

0 

-17 

-66 


-.94 


-10 


-.3 

-.2 

-2.7 

-10.5 


-1.4 


- 2.6 


.27 

.00 

.62 

2.29 


.68 


1.77 

































Fig, 3.2, Pooled Data from (a) 20 Young Normals and (b) 15 Older Normals Showing Means and Standard 
Deviations for Step Movement Time, Right to Left with Repeated Trials. 
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Dominance Effects 
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Eight young normal subjects, 4 men and 4 women, were tested on 
both right and left sides to determine the effects of lateral dominance 
on tracking performance. Half of the subjects were tested first on the 
right side and then the left , while the other half were tested in the 
reverse order. The results of these tests are shown in Table 3.6. No 
si gnificant trends are noted. VThile significan t differences between 
the two body sides in activities such as throwing and handwriting would 
be expected, Provins C1956, 1967) claims that there should be no 
difference v^here differential training between body sides has not 
occurred. Bowen, Hoehn, and Yahr (1972) also failed to observe any 
difference in tracking performance for the two sides with their group 
of normal control subjects. . 

I 

TABLE 3.6 ' 


TRACKING PERFORMANCE FOR A GROUP OF 8 YOUNG ADULT 
NORMAL SUBJECTS COMPARING DOMINANT AND NONDOMINANT HANDS 
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Quantitative Standards 

One of the most important reasons for using normal subjects on 
new tests is to establish quantitative standards. Since it is the goal 
of the physician to bring the performance of patients to the pre-disease 
level, it is meaningful to express patient data as a percentage of 
that obtained from matched normal controls . This vras done for the 
L-DOPA and amantadine drug study and will be discussed further in 
Chapter V. Chapter VI also utilizes matched-control performance records 
to dramatize the movement characteristics of different patient gr’oups . 
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CHAPTER IV 

• FACTOR ANALYSIS OF TRACKING TEST BATTERY AND 

SELECTED MEASURES FROM THE CQNE AND SADLE 

This chapter considers a factor analytic study of the tracking tests 
and selected measures from the CQNE and SADLE that were administered to 
20 young adult normal subjects. Factor analysis is a statistical pro- 
cedure that is widely used for identifying psychological traits . The 
present study is thus of theoretical interest because it explores those 
characteristics or traits that are common to the various test measures 
and in so doing helps to provide a perspective on the new tracking test 
variables. 


A Brief Description of Factor Analysis 




matrix whxch is a table of the loading of each of the factors in each 
test variable. Factor loadings represent the correlations between the 
test variables and the individual factors. The nature of a particular 
factor is determined from the characteristics of the variables with the 
highest loadings. 


The Factor Analysis Model 

The factor analysis^ program used'“ifr“tKe~^r^sent— study~was“based--on 
the method of principal comnonents with subsequent "normal" Varimax 
rotation. It has been developed and thoroughly described by Henderson 
(1970). While it is beyond the scope of this chapter to cover the 
mathematical basis of this method, a brief description of the procedure 
will be given. 

The principal components model is based on the follo^^ing set of 
linear equations: 






+ a- F 
Ip p 


^2 "" ^ 21^1 ^ 22^2 
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+ ^-k^k ^ 


z = a ,F, + a _F„ + • • !• + a , F^ + 

p pi 1 p2 2 ; ! , pk k 


+ a„ F 
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+ a . F 
3P P 
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where {z.} is the set of p original test variables, {F, } is the set of 

^ V i ■ i ^ 

p common factors, and (a. } is the.jset :|4 factor loadings ranging from 
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-1.0 to +1.0. In the initial formulation of the problem there are as 
many factors as original variables. The principal components method 
selects each factor so that it has the maxim.um amount of variance among 
all factors uncorrelated with the previously determined factors . It 
thus happens that only a small number of factors are usually required to 
adequately account for the intercorrelations among variables . 

Once a solution has been determ ined it can be transformed to a 

different solution with the same adequacy of fit . The factors can be 
thought of as reference axes in terms of which each test variable can 
be plotted. The "normal" Varimax method rotates the factors or reference 
axes so that the small factor loadings are moved tov/ard "0" and the 
large loadings toward "1”. The result is a simplified, more easily 
interpretable factor pattern. Once the rotated factor matrix has been 
computed, the statistical process stops and the interpretation of the 
factors begins. 


Previously Reported Factor Analyses 

An attempt will be^made to identify 


J ; 


the factors found in the present 


study with those found in previously repqr 


most extensive factorial research on motor 


by 


FI eishman and his associates (Fleishi 


The^ administered more than 200, differejnl|; tests to thousands pf basic 

iLo's ! 


AiiH 


demning performance in terras of the train 


to 

ma3| 


man 


ed analyses. Some of the 
jfunctions has been conducted 
1967, 1960, 1956, 1954). 


Force trainees during the 



p's with the goal of 

i 

number of factors necessarj| 


represent an individual's ability | s,u ruot fre . |A description of the 


jfor i<actors they have been able , 


ftci 




% 


l%i 


L. r 

Is -i- 


ill . ? 


presented ;in Table *+-li . 
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Henderson (1970) and Potvin (1971) have performed factor analyses 
on tests in the CQNE and SADLE. Potvin 's results are particularly 
relevant to the present study and are summarized in Table 4.2. While 
agreement between Fleishman’s results and Potvin 's results is not 
complete, numerous common factors can be identified, such as reaction 
time and control precision. Making identifications of factors across 
studies is not always straightforward. The factors and the loadings 


found in a particular study depend somewhat upon the nature of the 
data used in the analysis . Some of the conditions which influence the 
results are the types of tests and the combinations of tests used in 
the analysis. Also of concern are the subject population selected, the 
type of sampling used, and the testing situation that prevailed. 

In this light, comparisons with Potvin's results should be the 
easiest to make since the present study Was conducted under very nearly 
the same conditions. However, if one assumes that an individual's 
ability structure can be represented by a reasonably small number of 
basic traits and that factor analytic solutions do uncover these traits, 
then general cross-identifications should be possible even if experimental 
conditions are different. Whenever possible, the factor names introduced 
by Fleishman will be used in interpreting the present results. 


Results of the Present Study 


The correlation- matrix- of- the original-tests .^administered to the 


20 young adults is shown in Table 


I " 


4.3. 


data from which the factor analysis^ is initiated. Numerous sensory tests. 




iMIi 


ijhis matrix supplies the basic 
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TABLE 4.3 (Cont. 


56 



Psarun product motnant correlation coeHicieiit, r. Valvei of r woteding 
M atf lignificintly greatet than zero at thi O.OS Itvri. 
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such as touch and position sense, were not included in the analysis 
because they showed little or no variation between subjects. 

Table 4.4 presents the factor pattern for the "normal" Varimax 
rotated factors. Before rotation, 11 common factors with variances 
greater than 1.0 were isolated, accounting for 89 percent of the total 
variance of the original test variables. At the bottom of Table 4.4 
are listed the variance of each rotated factor, the percentage of total 


variance accounted for, and the cumulative percentage of total variance 
accounted for. The Varimax rotation has destroyed the property of 
maximum variance of successive factors that resulted from the principal 
components solution, but the percentage of total variance accounted 
for by the 11 factors remains the same. 

The nature of the individual factors can be determined by examining 
the correlations or loadings between the factors and the original test 
variables. For convenience, loadings of 0.40 and higher were arbitrarily 


considered as being of probable significance and are underlined in the 
factor matrix. The following factor identifications were made: 

Factor 1, Reaction Time : Factor 1 has its most significant loadings 

(.70's and .80's) in the two step reaction time measures and the simple 

I i ' 

feactidn time measure from the CQNE. The factor thus characterizes the 


speed V 
specifi 
■t;est he 

I 

tests c 
lave a 


ith which a subject responds 


to a stimulus regardless of the 


|C response required. Putting on golves and the Purdue pegboard 

' !U 

this factor. While neither of these 


fVe intermediate loadings on 
I'irectly resembles the simple 

1. I 

beaction time component. 


'[reaction time tests, both ap|)ear to 

l=. i 
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Factor 2, Wrist and Shoulder Strength, Speed, and Steadiness : 

VJrist strength and shoulder strength (-90 and .92) load most highly on 
this factor. Other tests with high loadings (.60’s and .70's) include 
the step movement tim.e measures, cutting vrith a knife, force steadiness 
unsupported, and sustention tremor. Factor 2 thus appears to involve a 
combination of strength, speed, and steadiness. Strength and speed are 
positively correlated while strength and steadiness are negatively 
correlated. Zipping a garment, managing three small buttons, and the 
rotary pursuit task also have moderate loadings. The sign of the 
loadings on the first two of these tests suggests that the test measures 
are negatively correlated with strength and speed , a somewhat puzzling 
relation. 


Factor 3 , Finger Dexterity: Factors 3 and 7 offer some difficulty 


in interpretation because to a certain extent they both involve the 
skillful manipulation of small objects. Manipulating safety pins (.86) 

loads most highly on factor 3 with intermediate loadings (.40's) from 

i ' 

managing small buttons, pencil rotation, and sustention tremor. Modest 
loadings from the Purdue pegboard test and putting on a shirt are also 
present (.30's). In his studies, Fleishnlkn * has identified both a finger 

. ilH 

dexrerity factor and a manual dexterityj factor . In an attempt to use 


In an attempt to use 


this classification in the present study it was felt that factor 3 was 


more appropriately identified with thje former trait and factop 7 with 


the Blatter. | 




i: Factor [4, Hand Speed and Hand Speed patigue;; Hand speedj (.69), ha 


spend fatigue (.85), and using a forW|. 




i have 


'large loadings on this 


! 
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factor while cutting with a knife has an intermediate loading. The , fork 
and knife tests both appear to be highl3' affected by hand speed. 

Factor 5, Control Precision : The loadings from the Critical Task 

(.79), pursuit rotor (.66), and supported force steadiness (.41) identify 
this factor as the ability to make "fine, highly controlled, but not 
overcontrolled muscular adjustments" (Fleishman, 1960). High loadings 
from putting on a shirt and grip strength fatigue (.60 's) v;ere also 


present. While the ability to make sustained muscular adjustments v/ould 
be expected to correlate with grip fatigue, the high correlation with 
the shirt test was unexpected. 

Factor 6 , Grip Strength : The grip strength test has by far the 

highest loading on this factor (.96). Moderate loadings (.50’s) from 
zipping a garment and squeezing toothpaste are also consistent with 
the identify of this factor. 

Factor 7, Manual Dexterity : Managing large buttons (.77) and tying 

a bow (.90) exhibit the highest loadings on this factor. Two-point 
discrimination has an intermediate loading (.51). Numerous other tests 
have modest loadings (.30 's). These include the movement time measures, 
zipping a garment, squeezing toothpaste, Purdue pegboard, and force 


steadiness supported. It was thus 


felt that this factor was more closely 


identi:^ied with manual dexterity than with finger dexterity. 

J I I ' 

;nse : F; 


Fqctor 8, Finger Vibration Se 


Factor 8 is best identified from 


z ipp ing ^ a ■ garment ; ^ d ial ing a t el epho 


also consistent with a trait for fin 


I .1 


the high loading on the vibration :est (.93). Moderate loadings from 

! ’ . M ! : • 

managing snail buttons and pencil potation and modest loadings fpom 


■ I- 

iinatu 


pje,jlicibd two-point discriminaftion are 

* I i ; 

ff^ger sensitivity.: 
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Factor 9 , Hand Steadiness : The highest loadings on this factor are 

for resting tremor (.84) and dialing a telephone (.77); but, as might be 
expected, the two variables are negatively correlated. 

Factor 10, Aiming : Hand coordination (.81), putting on gloves (.77) 

and hand coordination fatigue (-.70) load most heavily on this factor 
which has also been identified as "eye-hand coordination." 

Factor 11, Rate Control : The loading from integrated absolute 

error (.83) was used as the basis for identifying this factor which 
reflects the ability of the sxibject to make "continuous anticipatory 
motor adjustments relative to changes in speed and direction of a moving 
target" (Fleishman, 1960). The intermediate weighting (.53) from 
squeezing toothpaste appears to be due to a flow rate estimate involved 
in responding to this task. Certain aspects of rate control may also 

be present in the pencil rotation test (p.40). Moderate loading from 

} 

2 point discrimination (.42) is seemingly inconsistent with the 
identif icat ion . 

While there are instances where certain factor loadings are not 
logically consistent, for the most part, good agreement exists between 
the present results and those reported by Potvin and Fleishman. Most 



of the factor narhes and identifications proposed by Fleishman are equally 
appropriate for Ihe present factors. Finger Dexterity and Manual Dexterity 


were not as clear cut as could be desirjetj, but Potvin also found that 

manipulating safety pins and bow tying ;cid not load on the same factor. 

i- ! j ! 

For the most part, the anomalous 3.oaiiing^ are not highly significant and j 

i:' ! i • ! i 

I ':•!»' ' i : ! 

may very well be attributable to £ .i-ailtis tlcal fluctuations resulting from | 

' iiliil il f i i ! i I ! ' I 

the small sample of 20 subjects. 
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The present study brings out several interesting points relative to 
the new tracking test measures. The comprehensive nature of the tracking 
tests is demonstrated by the fact that each of the measures loads heavily 
on a different factor. The right to left and left to right measures for 
both reaction time and step movement time are grouped together for the 
young normal subjects, but this would not necessarily happen for patients 
■With move ment disorders. Step reacti on time and simple reaction time load 
nearly equally on Factor 1 suggesting that the former measure may represent 
a duplication of an already existing test. Movement time appears com- 
bined with strength and steadiness and not as a separate factor as was 
anticipated. A larger sample size or a different subject population 
could change this relation, however. 

The Critical Task and rotary pursuit task both load heavily on the 
Control Precision factor. The advantages of the Critical Task, such as 
high reliability and easy mechanization, suggest that it should be con- 
sidered as a possible replacement for the earlier test . The random 

j ^ 

tracking error score appears to identify a factor. Rate Control, which 


was previously lacking in the CQNE. , | 

' I i 

The finding that the Critical Task: ind the rotary pursuit task load 

ill 

heavily on the same factor which is distinct from that for Integrated 

! I i 1 1 

Absolute Error has a reasonable explanation;. The first two tasks both 

' i ! i'lMl . ! 

in\folve responses to more or less pr$dict^(L'e signals. In the Rotary 

I ■ ! I I'lTr- ■ j 

Pvufsuit Task, the input is a co[nstant ang^l.^ rate. For the ;Critical 


Ta^ , whilej there is no forcing functi 


ie subject attempts to compensat 
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for his ovm output noise. To that extent, he responds to the effects 
of his own previous raovements; and shortly after making a strong movement 
in one direction he can anticipate having to make a corrective move in 
the opposite direction. On the other hand, the random tracking task 
requires continuous responses to an unpredictable input and thus re- 
quires a different type of psychomotor ability. 

VHiile the usual practice in factor analyses is to retain from among 
the original tests those providing the best measures of each of the 
factors, this was not the intent of the present analysis. Instead, the 
principal object was to analyze the interrelationships between the 
various test measures and to provide evidence that the new tracking 
m.easures cover approximately the same general area of behavior as the 
CQNE and SABLE. In this regard, the tracking tests are more closely 
related to the basic CQNE tests than to the more complex SABLE measures 
v/hich tend to have loadings well distributed among the various factors. 
The findings of the present factor analysis can thus be offered as an 

I 

argument for the construct validity of the tracking tasks. Additional 
justification for using tracking tests to measure sensory motor 
function is given in the next chapter where strong supporting evidence 

; i 

j 

f^or thej concurrent validity of the [new test measures is given. 


CHAPTER V 


A THERAPEUTIC CLINICAL TRIAL 


The purpose of this chapter is to describe the application of the 
tracking test battery in a therapeutic clinical trial. The trial provided 
an ideal opportunity for objectively evaluating the usefulness of the 
tracking tests in assessing modest changes in neurological function. 

The tracking test battery was administered to 28 parkinsonian patients 
participating in a randomized, double-blind, crossover trial designed 
by Walker and his associates (Walker, et al., 1972b) to evaluate the 
efficacy of amantadine versus placebo in patients already receiving 
maximally tolerable doees of L-DOPA. The 28 Parkinson’s disease patients ■ 
were randomly assigned to 2 groups, the first receiving L-DOPA + amantadine 

j 

first and L-DOPA + placebo second, with the second group receiving just 
the opposite schedule as shown in Table 5.1. Corresponding treatment 


groups were then combined for analysis. 

The tracking tasks provided one of several sets of measures of 
neurological function. Other measures included qualitative impressions 
of the patients, professional opinions of the attending neurologists, 
subjective evaluations of functional disabilities, the Simulated 
Activities of Daily Living Examination, the Clinical Quantitative 
Neurological Exai^nation, and a neuro -psychological test battery. 

A complete description of the other test neasures and a complete evaluation 


of the drug trial can be found els 


l! 

;t»where 


I 


'(Walker, et al., 1972a ,b). 


I i 
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TABLE 5.1 

EXPERIMENTAL PARADIGM FOR L-DOPA + 
AMANTADINE CLINICAL TRIAL 


Group 

No, of 

Medication Taken During Week 


Patients 

1 - 3 

4 - 6 





1 

14 

L-D + A 

L-D + P 

2 

14 

L-D + P 

L-D + A 


L-D = L-DOPA A = Amantadine P = Placebo 


Only those results that have direct relevance to the evaluation of the 
tracking measures will be considered here. 

Numerous investigations of the combined effects of L-DOPA and 
amantadine on the treatment of parkinsonism have been’ undertaken. While 


some have shown a beneficial effect from 
Fieschi, et al., 1970), others have failed 

! , .Ml 

improvement (Millac, et al., 1970; Greeni; 


and 




the combination (Voller, 1970; 
to demonstrate any significant 

i 

970; Hunter, et al., 1970; 


because it was felt that many aspects of the previous studies 


in 


Godwin-Austin, et al. , 1970). The present drug trial was undertaken 


r 


could be 


imp|?oved. For example, each of 

pne or several of the following w^y^: 

Jhii 


the 4t»oye! Hjferenced -trials was deficien|t 
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it 
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1. Lack of proper blinding, randomization, crossover. 

2. Too few patients evaluated to obtain significance. 

3. Failure to use objective measures of motor performance 
and psychomotor skills. 

4. The effect of concurrent anticholinergic medication was 
not eliminated. 

In spite of the improvements offered by the present trial, however, the 
benefits of adding amantadine to L-DOPA were expected to be modest at 
best; and the drug trial thus served as a stern test of the sensitivity 
and validity of the tracking test battery. 


Tracking Measures 

A summary of the quantitative tracking measures comparing the 
control data obtained from the 15 age-matched normals to the patient 
scores obtained after administration of L-DOPA + placebo and L-DOPA + 
amantadine is shown in Figure 5-1. The control subjects are found to 
perform better than the patients on all the tracking tasks regardless 
of the treatment group, although the patients do perform relatively 
better on step and critical tracking than on random tracking. 

The performance of the combined treatment groups is expressed as a 

i i ii 


percentage of matched normal performance and shown in Table 5.2. It is 
to express patient scores ir 
function since it is the goal! 


useful 

normal 

\ 

I 

patient^ 
In the 


if 

i 

1 


the 


's function to the pre-disea 


random 

normal 


tracking score from 3 
control score was fouri 


any drug trial as a percentage of 

I- ! ■ 


of the physician to return the 


I ! 


se level. For example, an improvement 


36 ; to,, 3.04 would be far less 

, I 1 ; 

tdi ijq 0.50 instead of 1.89 


!'< 


'! ;S 


meaningful 


u 







TABLE 5.2 


PERFORMANCE OF PATIENTS IN THE TRACKING TEST BAHERY EXPRESSED 
AS A PERCENTAGE OF MATCHED ADULT NORXLAL FUNCTION 


STEP TRACKING 


Ruction Time, Right > o Left 
Reaction Time, Left to Right 
Movement Time, Right to Left 
Movement Time, Left to Right 

RANDOM TRACKING 


Integral of Absolute £rror 
CRITICAL TRACKING 


Reciprocol of Criticol Root 


Milliseconds 

MiliisecorKis 

Milliseconds 

Milliseconds 


Centimetef-Seconds 


Matched Adult 
Noonol Function 

Meon ± 2SD 

Patients on 
L-Dopo P 

% SO 1 

Potients on 
L-Oopo + A 

% SD 

303 * 78 

83 19 

90 22 

ft/ Tft 

294 ± 67 
459 i 220 

83 17 

78 22 

oo to 

so 20 

568 ± 234 

76 22 

84 23 

1.89 1 1.16 

61 23 

65 17 

362 t 128 

78 17 

81 18 
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error measure is especially sensitive to large deviations from the target. 
Not only did the patients have a tendency to occasionally deviate by large 
amounts but they also failed to correct immediately. The relatively 

i 

better performance by the patients on the Critical Task is an interesting 
finding. Part of the improvement may be the result of the test measure, 
for the critical root is not as sensitive to the cumulative error as 
the lAE score. Another possibility is that the Critical Task is more 
motivating than random tracking. A typical remark from one of the 
patients was that the test "makes you feel like you've been defeated 
when the line goes off the screen." Many patients that appeared bored 
with the random tracking task became quite enthused and challenged during 


the Critical Task. 


As can be seen from Figure 5.1 and Table 5.2, the L-DOPA + amantadine 
treatment group demonstrates better performance on all of the tests than 
does the L-DOPA + placebo treatment group. Paired-t tests, were performed 
on the mean differences in performance for the 2 treatment groups . The 
results of this analysis are shown in Table 5.3. V/hile all of the 
tracking test measures showed improvements favoring the L-DOPA + amantadine 
treatment group, only the step tracking (left to right movement time) and 


i J : 

the Critical Task measure showed improvements significant at the 5% level . 


While dhanges in the random tracking scores and right to left reaction 

I 1 1 M 

time scores were equal to or greater than 10%, large variations in 


these scores among patients preven 

I ' 

I [ 

ptatis|ical significance. 


IH 

ted 


these changes from reaching 
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TABLE 5.3 


RfSUlTS OF TRACKING TEST EAnERY INVOLVING 28 PARKINSON 
PATIENTS: COMPARISON BETWEEN L-DOPA + PLACEBO AND 
L-DOPA + AMANTADINE TREATMENT GROUPS 


Test 

Units 

l-OOPA 

A/nontadine 

L-DOPA 

Placebo 

Difference 

% Change 

■ 



Meon 

SO 

Mean 

so 


.. . 

■ 

STEP TRACKING 







H 


Reaction Tima, Right hs Left 

MiHisecondt 

359 

91 

385 

102 

27 


1.61 

Reaction Time, Left to Right 

Milliseconds 

358 

84 

368 

81 


■■ 

.75 

Movement Time, Right to Le^ 

Millisacor^t 

642 

145 

679 

215 



I.IS 

Movement Time, Left to Right 

Milliseconds 

717 

191 

820 

289 


B 

2.32- 

-RANDOM-TRAeKTNG 









Integral of Absolute Error 

Centimeter-Second* 

Second 

3.04 

.74 

3.36 

1.35 

.32 

n 

1.42 

CRITICAL TRACKING 









Reciprocal of Critica) Root 

Mitifsecondi 

463 

— 

96 

436 

no 

22 

5 

2.23’ 


* p<.05 . , 

Concurrent Validity' 

As pointed cut .in Chapter I, one o.f the most im.portant methodological 
issues in the evaluation of new test Ttieasures is that of validity. 

I 

According to Kelly (1969), "the validity of a set of scores refers to 
the correctness of the inferences which one makes on the basis of the 
scores." In the case of the tracking scores one would infer that the 
effects of adding amantadine to L-DOPA are beneficial but modest. The 
next step is to determine the appropriateness of this inference by re- 
ferring to other established measures of the neurolgoical condition of 
the patients. The conctirrent validity of the tracking test battery nay 
be deduced from the extent to which its scores agree with those of the 
more established' testing procedures. 


...U I 


Patients' Impressions: Nine-^een cjf 


L-DOPA + amantadine was superior 
I 

patients preferred L-DOPA + placeb'd 


jL-lipPA + placebo, and 11 of the 


to 


the 28 patients felt that 


DOPA + amantadine , 


and 4 of 
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these patients judged it at least 25% better. Four of the patients felt 
that neither the amantadine nor the placebo treatment offered any improv_e_- 
ment in function. None of the patients felt that their functional 
capacity was worsened by either of the treatments. 

■ NeurQl'ogd*sts^*: Subjective Impressions ; Scores on the disability 
scales (dressing, hygiene, feeding, speech) were all lower on the 
average, indicating less disability, for the L-DOPA + amantadine treat- 
ment group, although no individual category of functional dis^iTitj^ w^p 
significantly better (Table 5.4). In addition, scores obtained from the 
standard neurologic examination suggested that the combination of L-DOPA 
+ amantadine improves arm tremor , leg trem.or , and gait more than LpDOPA 
+ placebo (Table 5.5). 

TABLE 5.4 

Comparison of Patient Scores on Disability Scales 
For L-DQPA + Placebo end L-DOPA + Amantadine 
Treatment Qroups 
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TABLE 5.5 


Comparison of Patient Scores on Standard Meurlogical 
Examination for L-DOPA + Placebo and L-DOPA + Amantadine 
Treatment Groups 


L-DOPA + Placebo 


L-DOPA + Amantadine 


Tr-emor, right hand 
Tremor, left hand 
Tremor , right leg 
Tremor, left leg 
Rigidity , right arm 
Rigidity, left arm 
Finger coord. , righ 
Finger coord., left 
Bradykinesia 
Weakness, right leg 
Vfeakness, left leg 
Rising 
Posture 
Stability 


Loss o^ assoc, movl: 
Loss of assoc, movt 


= p < .05 




1: Mild Disability 

2: I Moderate Disability 


Severe Disability , 
Total Loss of Function 







■ -■> 

Quantitative Measures : AnalysiW of the CQNE test scores revealed 

that the coinbination of drugs is superior to L-DOPA + placebo for 
several tests associated with coordination of the hands as shown in 
Table 5.6. This was also evident for the Simiilated Activities of Daily 
Living Examination, where the combination was significantly better than 
L-DOPA + placebo for 3 of the 17 tests (Table 5.7). The change in per- 
cent of normal function was from 76. •7% (L-DOPA + placebo) to 81.6% 
(L-DOPA + amantadine) on the SADLETT ^Cdhs"id^ing''the~entire-batt-ery— of— 
quantitative tests, 94 of the 105 total test measures favored the 
L-DOPA + amantadine treatment group;; 

It is helpful for supporting the validity of the tracking test 
measures to look more closely at the specific tests in the CQNE and 


SADLE that were shown in Chapter IV: to relate to the tracking meas\ares. 
These relationships were determined with ‘a group of normal young adults 

I 

f 

so they may not hold as well for older patients with neurological 
abnormalities. Nevertheless, it is of interest to consider some of the 
CQNE and SADLE tests in more detail. 

Simple reaction time in the CQNE, for example, was found to correlate 
significantly with step reaction time for the young adult normals 
(r = 0.40). In trhe therapeutic trial, the parkinsonian patients had 
step reaction tines well over 100 milliseconds longer than simple 
reaction times. Since part of the latency in the step tracking task is 


used for organizing arid" prepafTng the e,Xacution of a -highly skilled 

jM I ■ ■' ' ' 

response, the size of this difference is reasonable. The general trend 

‘i 

•i! . : ! 

for both step reaction time and s; j^plle ; reaction time is the same, namely. 


: I ii| 


TABLE 5.6 

COMPARISON OF PATIENT SCORES ON UPPER EXTREMITY CONE TESTS 
FOR L-DOPA + PLACEBO AND L-DOPA + AMANTADINE TREATMENT GROUPS 
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TABLE 5.7 


Comparison of Potienf Scores on SADLE for L-DOPA + Placebo 
and L-DOPA + Amantadine Treatment Groups 


Test 

L-DOPA + A 
Mean SD 

L-DOPA + P 
Mean SD 

Diff 

% 

t - DIFF 

Shirt 

46.18 

74.21 

58.51 

91 .29 

12,33 

32.96 

1.27 

Large Button 

9.91 

5.45 

14.74 

22.11 

4.82 

34.66 

1.26 

SiTKall Button 

14.61 

21.73 

23.96 

35.42 

9.35 

64.67 

1.83 

Zipper 

5.62 

3.89 

6.80 

6.19 

1.18 

19.08 

2.08 * 

Bow 

19.04 

19.82 

30.57 

36.46 

11.53 

42.71 

2.42 * 

Cutting 

14.57 

6.06 

20.73 

21.11 

6.16 

44.04 

1.62 

Fork 

2.77 

0.81 

3.17 

1.62 

0.40 

11.43 

1.95 

T oothpaste 

10.15 

6.59 

8.93 

4.01 

1.22 

1.05 

1.17 

Dialing 

18.79 

14.79 

16.51 

6.22 

2.27 

.18 

0.77 

Safety Pin 

8.13 

5.97 

14.47 

24.52 

6.35 

67.85 

1.42 


= p < .05 

= p < .0] 


to favqr the L-DOPA + amantadine treatment group. The step tracking 

■ i I I 

measure showed a greater percent change favoring this treatment , however 
and appears to be a slightly more sensitive measure than simple reaction 


time. jThis is especially true for the' right to left movement where the 

natienlrs were moving the control stick toward their body and probably 

111 i I i ' : 

exercised the I most caution. 









The movement time measures for the step tracking task were found 
to correlate with a number of strength and steadiness measures as well 
as with the SADLE test requiring cutting with a knife in the young normal 
population. In the therapeutic trial only step movement time for a 
left to right transition showed a statistically significant improvement 
with L-DOPA + amantadine, although all the other measures did show 
improvements favoring this treatment. It is interesting to note, however, 
that with the young normal group, movement time and steadiness were 
negatively correlated indicating that the faster a person is the less 
steady he will tend to be . If this same relationship held with the 
parkinsonian patients, their improvement in speed should have corresponded 
to a decrement in steadiness, which was not the case. Because of the 
pathological tremor demonstrated by many of the patients , it is fair to 
assume that the steadiness tests were probably measuring different 
functions than with the young normal group. 

While the random tracking task measure stood somewhat alone as the 


major identifier of a Rate Control factor!, , it did have moderate 

correlations with pencil rotation (r = 0 4^?.) and squeezing toothpaste 

1 ■ 

(r = 0.35). All of these measures, showed Li 5 >rovement with L-DOPA + 
amantadine, but only the pencil task chaiigj in performance reached 

I 

statistical significance. r-- !- jl , 


The Critical Task, rotary pirrsuit,' |anu jsupported force steadiness 


w^e used 1:o identify a Contro|L Preiisi 
m^'^ores showed significant ch 
apAars,itojiehthe .-muc^'Le^^ap^f 


of. Only the Critical , 
. ; The main I reason for tl l^ 


^thisatask rth£ 


w i-fih : therothers . 




It is thus found that there is general agreement between the 
majority of qualitative and quantitative measures and the tracking 
battery. Furthermore, in comparing all measures of performance involving 
the upper extremity, the tracking tests were found to be at least as 
sensitive to the performance changes observed between the two treatment 
groups as the most sensitive quantitative measures of either the 
Clinical Quantitative Mevirological Examination or the Simulated Activities 
of Daily Living Examination. 
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CHAPTER VI 

■;a 

PHASE PLANES ANB^.POV/ER SPECTRA 


The purpose of this chapter is to consider the application of two 
frequently used systems engineering , techniques , phase plane diagrams 
and power spectral density functions;, for describing the tracking 

behavior of patients with neurological disorders. Samples from the 

•V' 

tracking records of 35 normal subjects, ages 18 to 74 years, and 35 
patients demonstrating movement disorders with previous neurological 
diagnoses of multiple sclerosis, Parkinson's disease, and cerebral palsy 
were examined using these techniques. Representative time records and 
phase plane diagrams for the step tracking task and time records and 
pov;er spectra of the tracking error- for the random tracking task are 

>v' 

presented. In that the sample size; is small and the application of 

these techniques is new, most of the discussion will be devoted to 

; i 

qualitative inferences. 


Introductory Description of Phase Planes and Power Spectra 

A phase plane trajectory is simply a plot of velocity versus 
position with time as a parameter (Graham and McRuer, 1961, and Levinson, 
1962). In engineering applications the chief value of the phase plane 


approach lies in 


the fact that the trajectories, which represent the 


transient behaviqr of a system, can often be determined even though the 
i . 

-exact, relationship be tween position; and). time is unknown.* In this paper 

■ . 

phase plane trajectories were obtained jbj plotting know values of 


*Analysis' is limited to firsilfi iandj 



second-order ^ystems 










resolution of complex sounds into individual components. Similarly, 

§ 

the task of frequency analysis is to,j resolve a complex waveform into 
■ 

• ^ 

sinusoidal components of different frequencies and then to represent 
the waveform in terms of the charact'eristics of the individual sinusoids 
(see, for example, Licklider, 1951)v'; The square vrave of Figure 6.2 
is a good example to consider for this type of analysis. This waveform 
can be represented by a fundamental 'component and a series of odd 
harmonics of varying amplitudes. Even vdth the tv;o components shown 
in the figiire, it is apparent that the square waveform is being approached. 
By adding more and more components together it is possible to bring the 
sum arbitrarily close to the square waveform. The term ’’density" is 
used because the area under the function over all frequencies from zero 
to infinity is the total "power" in the waveform. The power density 
functions thus illustrate the dominant frequency ranges in a signal which 
contribute to its overall mean-square value. Detection of periodicities 
can be noted in the power spectral density function by the presence of 
sharp peaks at discrete frequencies (see Bendat, 1962). 

Since the frequency domain concept may be difficult to grasp for the 
uninitiated, time histories of a sinusoidal function, narrow-band noise. 


and wide-band noi^e, along with the corresponding power spectral density 
functions are shown in Figure 6.3. For the sinusoidal function, the 


mean-square poweri is concentrated at a sjingle frequency. In the case of 


narrow-band noise , the power spectral; density function is centered at a 

ir- ill i , ; 

particular frequency and then rapialy! approaches zero on either side. 

I;! ! ‘11 I I ! 


A resting tremor of somewhat varyi 



u ‘ * : ! 

liLtude in a natr>ow frequency 

I i I ! Mi 




TIME HISTORIES POWER SPECTRAL DENSITV FUNCTIONS 
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Fig. 6.3. Time Histories and Corresponding Power Spectral Density Functions for 3 Commonly 
_ Encountered Signals. 




Results f 

fz 

While quantitative indices of tracking performance are useful in 
evaluating the effects of different types of therapy, spatial-temporal 
response records provide a more complete source of information on 
tracking performance. Such records preserve the interesting movement 
characteristics and often provide a basis for hypotheses which further 
the understanding of motor performance. Furthermore, inspection of graphic 
records often provides the rationale for choosing among different 
possible quantitative indicants. With these thoughts in mind, phase 

*The db or^ecibel scale is a logarithmile form of the power density scale. 
Thus, if the power"d^nsity~Xe“vel“P' “ at frequ IQ-tiraeS’ the level 

at frequency f-j then is said to b's 10 db greater than P^. If P^^ 
is 100 times P_, then P, is 20 db igreatBr than P^, 


! 









i 

M. 


■-1- 

8^ 


4. Adult cerebral palsy patient with mild intention tremor and 

•gi 

slight resting tremor: The step response is rapid and precise 

I 

except for mild oscillations at the end of the movement . These 

oscillations settle down to a low amplitude tremor which remains 

• 

at rest . 

V 

a 

Figure 6.5 shows families of trajectories for four normal young 
adult subjects. These trajectories'' are for both right to left and left 

V. 

to right movements. The starting point for the right to left movement 

vy 

is +40 deg. and the target point is 0 deg. , while for the left to right 
movement they are just the opposite! While there is considerable 
variability in peak velocities between subjects, intra-subject variesbility 
is low. A single, small overshoot .is characteristic of most of the 

i\ 

responses. 

Families of trajectories for six multiple sclerosis patients are 
shown in Figure 6.6. The patients are listed according to a physician’s 
subjective evaluation of their intention tremor, from slight to moderate- 
severe. It is important to note that this evaluation was made prior to 
the time the patients were tested with the tracking battery. The move- 
ment patterns vary from those that are only slightly different from 
normal to pattenjis that show coarse and violent oscillations sibout the 
target point. 

The information contained in these] Iplots can be transformed into 




quantitative measuires. For examp le, ^ irt' the parkinsonian study considered 
in Chapter V, a movement time measure via: used which was based on the 


time between the first leirge move 


•J» t 

■i] I 

away 

''.ii |i i 


f;’! ji 

: im 


from zepo in the velocity record 
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% 










and the return to zero, '.^hile moveihent time is a meaningful measure 

1 

of step tracking performance for noj^als and parkinsonian patients , 
inspection of the phase plane diagr^s for multiple sclerosis patients 
suggests that additional measures are required to effectively describe 
this performance. The neurologist's evaluation of intention tremor is 
based on a s\ibj active weighting of different aspects of the speed and 
accuracy of a movement toward a target, as in the finger-to-nose test. 
Movement time, decomposition, overshoots, and oscillations about the 

target all enter into his evaluation. Control engineers use a number 

’k' 

of precise perforTnance measures forejudging the step responses of 
physical systems which are equally appropriate for quantifying movement 
disorders in a step tracking task. Time delay and rise time are two 

hV* 

measures that are closely related to reaction time and movement time. 

y 

?-lore important measures, as far as intention tremor is concerned, are 
peak overshoot and settling time. Peak overshoot is the largest negative 

error between input and output during the transient state. On the phase 
plane diagram for the moderate-severe multiple sclerosis patient this 
corresponds to 19 degrees for a left to right movement and 15 degrees 
for a right to left movement. A typical female normal. Figure 6.5(b), 

I 

has a left to right peak overshoot of 2 degrees and a right to left peak 
overshoot of 8 degrees. Settling time is the time required for the 
response to decrease and stay within a specified percentage of its final 
value, typically 5%. For the multiple sclerosis patient shown in 

’ ! M ^ ' 

Figure 6.4, the settling time is 3 8 seconds while for the normal young 

is- ! : I j 1 

I ' i ' '■ ' j ‘ 

adult in the same figxire it is only:|.Q.2F seconds. Inspection of the j 
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phase plane trajectories for multiple sclerosis patients strongly 
suggests that the neurologist is also influenced by these performance 
measures in making his rating and that these measures can provide a 
meaningful and objective characterization of patient performance. 

Attempts to obtain a quantitative measure of the finger-to-nose 
test have previously proved unsuccessful. Part of the difficulty now 
seems apparent. Performance in this test is multidimensional in nature 
and unless a psychomotor test contains the sam.e tjqje of performance 
dimensions, high correlations will not be found. Although the small 
number of multiple sclerosis patients studied precludes the use of 
statistical correlations, the phase plane features do appear to be in 
close agreement with what the neurologist can see. 


Power Soectral Densities 


Power density spectra basically describe the statistical behavior 
of random functions in terms of the frequency domain. Error patterns in 

the random tracking task were analyzed using this technique. Error 

I.; , 

ii ' 

patterns were selected because they are cjoricerned with the realtions 


between the desired response and the actual resoonse, and skilled motor 

J j jj i ‘ 

! • ! M- 

behavior is more concerned with this relation than with the resoonse 


pati em itself. Spectral densities were used because the traditional 

! ^ :i I I 

roea;ure, integrated absolute error (lAE) , jjfa!ils to account fop the actua 

i i i ’ ! ii 


ment pat'jrerns present in the errop sipiaij. Two subjects may have 


I , . j If 'I i i 

idemtical lAE scores but completely diff^|^t error patterns. [ In additi 


pow(p spectr^ densities are le^s ^en$i'|:i|:i ,j|o transient and infrequent 
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Fig. 6.9. Error Power Spectra for a Normal Subjects in a Test- 
Retest Study. 


Figure 6.9 shows the error power spectra obtained from the same 
older normal on two senarate occasions tljree weeks apart . There is 


good agreement between the two sets of measurements especially at 
higher frequenc^SSs ; The' group of plder, n!o ’rnals tended to improve their 

1 I li i 

performance when retested, i.e., they reduced their power density levels 


butj the trends were not statistically significant based on lAE scores 
(see Chapter III). i j ' l’ 

• ) ! p I ■ i 

The error power spectra foir three pafients with widely varying 

'I ■ i . I. Tili : I .1 

neirologicai disorders are shovfn in Fig\^|| )^.10. The multiple sclerosi; 


pa-fient hadj a slow, coarse int^nt:^ori| ,tjf 


shovn in Fi^’|| Ej.lO. The multi 
intentiohl.tjfejijii iwhici did not r 


result in anyS 




^ig. 6 11. Epr^jr Power Spectra for 
; Conmared with a NormalJ 


sharp peaks in the error spectrum. -The slowly moving random target 
signal did not require limb movements sufficiently rapid to always 
suppress resting tremor in the parkinsonian patients . As a result , 
the power spectrum for the parkinsonian patient has a rather broad peak 
in the 3 to 4 hz range indicating that his resting tremor appeared 
only intermittently during the tracking task. In contrast, the cerebral 
palsy patient had a very regular, small amplitude tremor throughout 
the random tracking trials. This resulted in a very decided peak at 
about 3.5 hz . 

The fact that the rhythmic character of some tremors is more 
obvious than that of others is clearly illustrated by these spectra. 

In general, tremors are composed of, viaves of different frequencies and 
amplitudes. If a particular frequency is dominant and persistent, as 
in the case of the cerebral palsy patient: , the tremor appears to be 
extremely regular. On the other hand, if no particular frequency 
is dominant or if the frequency and amplitude patterns are changing, 
then an irregular rhythm is apparent. 

Figure 6.11 compares the power spectra for 2 multiple sclerosis 

patients with that of a normal young adult. The differences in the 

! 

power density levels at the low frequency end of the spectra are striking 
The patient with the previously diagnosed intention tremor of mild to 
moderate does show a slight peak at around 2 hz. 


Figure 6.12 shows the power spectra' 'or a parkinsonian patient 

I •' i ' 

taking part in a drug trial designed .'to hjmpare the efficacy of L-DOPA 


t amantadine to that of L-DOPA + pladeb®!. l This particlular pajtient had 
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severe hypokinesia and a severe resting tremor which did not cease 
during the tracking task and which was not affected differentially by 
the two treatments. There is a slight overall improvement with the 
L-DOPA + amantadine treatment combination, however. This Improvement 
is not caused by learning as amantadine was administered first. 

Fig\ire 6.13 compares two parkinsonian patients v;ith an age-matched 
control subject. The patient with severe hypokinesia has a very rapid 
fall-off in error power density w'ith frequency and very high power 
density at the low end of the spectrum. This type of characteristic 
indicates that the patient made predominantly slow, smooth motions and 
very few quick, corrective movements. The other parkinsonian patient 
had a severe resting tremor which appeared intermittently d\n?ing 
voluntary movement, thus producing small peaks around 2.5 and 3.5 hz . 
Figiires 6.14 and 6.15 show error traces for each of the patients described 
above . 

i'/hile the intent of the random tracking studies and the subsequent 

spectral analysis was not to investigate the mechanisms of treioDr , am 

! 

interesting observation can still be mada.:,n this regard. A number of 

• ■! ' 

^ i' ! 

investigators have studied the effect of increasing the moment of inertia 


of 

Rani 

ev 


the vibrating body part on the frequency of tremor (see Stiles and 


pall , 1967 for a brief review) . 


i^ence for a mechanical mechanism of tfiemcj): 


invfestigatoijs have found little 
addfed mass while others have re 
whilfch would be expected if the 


supporting and nonsupporting 


or nd ch 


d cha 

, lil,. 

ported deftjth; 

f iJM 


itremor. 


IFI 


'H' 'I 


' have been given!. Some 

' I 

i 

in tremor frequency with 

I 

jjbe decreases in firequency 

1 ! ' ! 

trongly influenced by the 
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Froqutncy on) 

Fig. 6.12 Error Power Spectra for a Parkinsonian Patient Participating 
lof in L-DOPA and Amantadine Drug Trial. 


P,D. fWI»nlwnh$»if*r»Hypoktn«lo 
P. P. Potl«nt atth Smri Rntlng Tromer 
AgM-Mctcfiid Norari 





.* .1 ,'li.»L0 


2.0 XO <0 
fraquoriqrOii) 


13 Er^or Power Spectra for 2 Parkinsonian Patients Comp 
with an Age-Matched Normal|i ^iiSject . 











mechanical properties of the body p%'t. ^e present experiments support 
these latter findings. Very definite reductions in upper limb trenxjr 
frequency were noted for the patients tracking with the large position 
stick. The observed frequencies occurring during purposeful movement 
ranged between 2.0 and 5.0 hertz while the normal, unloaded range is 
typically 4.0 to 7.0 hertz . Thus , while the mechnical properties of a 
limb may not be the only influence on the frequency of tremor they, 
nevertheless, contribute an imoortaht element to it. 

Although only a small sample of all the patients and control svibjects 
tested have been analyzed using power density spectra, there do appear 

to be particular spectral patterns which characterize different groups 

jr 

of individuals. Normal subjects seem to have a much flatter spectrum 
than the other groups indicating they used a combination of slow, smooth 

3’ ' I 

movements and quick, corrective ones. Par?<insonian patients with severe 
hypokinesia showed much less power at higher frequencies relative to 
lower frequencies than did the normal subjects. In fact, the slope of 
the power spectral density curve appears to be a good measure of 
hypokinesia. The greater the slope is, the more severe is the disorder. 
Patients with tremulous movements can be identified by the presence of 
peaks at discrete} frequencies in the spectral records. 



CHAPTER VII 
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SUMMARY Airo SUGGESTIONS 


Summary 

The development of highly successful therapeutic methods for the 
treatment of neurological disorders and the expansion of experimental 
investigation in neurology and neuropharmacology have led to increasing 
use of objective methods in such research. Clinical investigators are 
becoming more exacting in their attempts to detect small changes in 
neurological function, and it is important that new methodologies for 
measuring human perforrriance be thoroughly investigated. ’.'Thile consider- 
able reliance is still placed on subjective clinical evidence, more and 
more attention is being devoted to the development of standardized 
quantitative performance indices. In the present research, a number of 
tracking tasks that have proven useful to control engineers and 


psychologists measuring skilled performance have been evaluated for use 


in a clinical environment. Three basic t.a^ks have been investigated; 
namely, step tracking, random tracking, and the Critical Task. The 

i I ' 

standard quantitative performance measure's reaction time and movement 

J 13 i' 

tiire, integrated absolute error, and esHrimaited effective time delay. 


wene used. More sophisticated phase 'pl'aiie and power spectral analyses 


weae performed on a small sainpla of the . packing records. 


Most tracking investigations have |bean|, concerned with situations o: 


a stationary nature, that is, vihere ith 


th| subject, s response characteristic^ ^ 


variables are; constant and 


use of training, (have low 
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variability. In a clinical environment, hov/ever , extensive training 
time is a luxury that simply cannot be afforded. Reasonable stationarity 
and repeatability are still required if the tracking measures are to be 
meaningful. In order to minimize variability under these conditions, 
the four engineering task variables, forcing function characteristics, 
display characteristics, control stick dynamics, and plant dynamics 
were kept as simple as possible in the present experiments. 

vihenever new quantitative tests for measviring neurologic disorders 
are developed it is of interest to examine the performance of normal 
subjects as well as patients on the tests. The tracking test battery 
was administered to a group of young adult normals, ages 18 to 21, and 
to a group of older adult normals, ages 50 to 74, for the purpose of 
obtaining quantitative standards against which patient performance could 
be compared and to assess the importance of age, sex, learning, and hand 
dominance on performance. Ten of the older normals were used in a 
test-retest study to determine reliability measures for the tracking 
battery. Five of the six perform.ance indices had reliability coefficients 
significantly different from zero at or above the 5% level. Integrated 
absolute error and estimated effective time delay had coefficients 

I ■ I 


above .j90. Learning effects, measured with the same 10 subjects, were 
not stitistically significant. 


norma Ij 

large difference in movement time 


i I 


gnificant differences in performance due to age were found for the 


step reaction time and step movement time measures. Twenty young adult 

, , I I I ; _ I , 

and 15 older normals were used for comparison. The espeicially 


: 1 ! 


1 . 


P? 


’'fqrmance was attributed to 


!' I 
» . 

I'l 




a more 


cautious approach taken by the oldeij; subjects . ',-fhile in general, males 
tended to perform better than females, statistically significant differ- 

ences were observed only for the movement time measures in the young 

? 

normal control group. These results appear to be due to large differences 

4 " 

in strength betvieen the males and females. No differential effects for 
right versus left handed performance were noted in a sub-group of 8 young 

.f*' 

normals . & 


A factor analysis of the new tracking measures and established 
measures from the CQNE and SADLE 'was performed to provide a perspective 
on the new tests , The analysis demonstrated that the tracking measures 
chosen for study were comprehensive' in that each of them loaded heavily 
on a different factor or trait. In addition, integrated absolute error 
was found to measure a factor identified as Rate Control which was pre- 
viously lacking in the CQNE. High loadings on the factor Control 
Precision by both the Critical Task and the rotary pursuit task suggest 
that the Criticeil Task, with its added advantages, might be considered 
as a replacement for the earlier test. As an evaluation of practical 
utility the tracking test battery was used in a drug trial designed to 
compare the efficacy: of amantadine versus placebo in treating 28 
parkinsonian patisnts already receiving optimal doses of L-DOPA. The 
selected tracking measures provided information that was useful in 
detecting.„aiid _documen'^ng modest but st^t^.stically significant changes 
in motor performance. The finding^ were, '■erified by comparison with 

i- I II 

more established qualitative and q tariti :&itive measures of performance, 

I l-:i ,i {M I ! i ! 



105 


including the professional opinion of two neurologists recorded during 
the clinical trial. Taken together, the results of the factor analysis 
and the controlled clinical trial offer strong evidence supporting the 
construct and concurrent validity of the quantitative tracking measures. 

Phase plane diagrams and power spectral density functions ’were 
found to provide a useful means of characterizing the tracking performance 
of patients 'with movement disorders . Both techniques offer a compact 
way of describing tracking behavior while still retaining the important 
features of the actual movement patterns involved. The phase plane 
method, in particular, appears to offer much promise for objectively 
evaluating intention tremor. Comparisons of phase plane diagrams and 
the 'neuirologist 's ratings of 6 multiple sclerosis patients with varying 
degrees of intention tremor demonstrated that the phase plane character- 
istics are in close agreement with what the neurologist can see. 

Suggestions for Future Work 


ai 
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employed. Thus, once set up, a tracking apparatus can be used to provide 
a wide range of testing situations, each providing additional information 
relevant to the subject's ability structure. 

While the present selection of quantitative tracking indices has 
proven reliable and valid, additional research on task variables and 
performance indices for clinical applications is necessary. Improvements 
in the present tracking task battery can certainly be made. The random 
tracking task is an example . The results of the factor analysis indicate 
that random tracking error measures a trait that should be included in 
a comprehensive evaluation of motor function. Of all the measures in 
the tracking test battery , this measure showed the lowest percent of 
normal function for the parkinsonian patients*, and yet, integrated 
absolute error failed to discriminate between young adult normals and 
older normals. In the controlled clinical trial, the L-DOPA + amantadine 
treatment group show’ed an 11% improvement in this measure over the 
L-DOPA + placebo treatment group ; but this improvement was not of 
statistical significance because of the large variability in scores. 

These results point out the difficulties in designing a random 


tracking task for use with patients having movement disorders. The 


target lean be made extremely easy or impossibly difficult to follow. 
Patien:s are already working under a great deal of stress from their 

! I ! . 

pathological condition, and their margin for test cooperation is markedly 


reduced from normal. They may 


thufe becomi 

^1' I i' 

• 1 


become easily annoyed or depressed 


iif the! test situation is too diffipult.i iThe random tracking tasik requires 


S|k reqi 


slibstaptial subject attention and fcpppe)?ation; and if it is too ‘difficult 




for the patients it will affect theif task attitude, and the meaning of 
the results will be obscured. Additional research with this task is 
called for. Shorter task durat ions ^and displaying a target circle whose 
diameter is proportional to integratfed absolute error for the previous 
5 to 10 second period might help to.ilower the high variability in the 
patient's scores. • f 

In the case of patients with neurological disorders , not only the 
movement pattern used but the specific musculature involved is an 
important factor to consider in designing a task. For this reason, 
lower extremity tracking appears tO'^be an especially promising area for 
future investigations. ^?ultiple sclerosis patients often have severely 
affected lower extremities without any major disability in their upper 
extremities. For many patients taking part in the L-DOPA and amantadine 

•; c i 

drug trial, the most noticeable improvement occurred in their lower 
extremeties. Another area worthy of consideration is eye tracking. 
Visual and eye movement control problems are among the first to appear 
in many neurological disorders , and more precise measures in these 
areas could provide a very sensitive means of evaluating therapeutic 
procedures . 

The present I research effort has been concerned with establishing 
the effectivenesl of tracking tasks for use in clinical applications. 


Primary interest' has been in the effect^? of different neurological 
conditions and therapeutic drug treatme^^s on the 'resulting quantitative 


data 
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and physicians is a formidable one. Perhaps the main challenge is for 
the engineer tc demonstrate the value of his techniques for use in 
medical research and actual medical practice. Medical investigators have 
learned that it is useful to study those parts of the brain that deal 
with movement as a complete system rather than as isolated components . 
There is a growing awareness that the functions that feedback control 
systems are designed to perform are in many respects analogous to those 
required by humans in many of their everyday tasks. The tracking 
apparatus serves as a useful framework for studying and describing man's 
sensory-motor abilities in terms of systems engineering concepts. 

Quantitative measures of motor function are not meant as replacements 
for sound clinical judgment, but they may serve to free the ne'urologist 
from some of the routine aspects of an examination and, more importantly, 
supply him with more objective and precise information on a patient's 
neurological condition. As De Jong (1958) has noted: 

"No other branch of medicine lends itself so well to the correlation 


of signs and symptoms with disease structure as does neurology, 
but it is only by means of a systematic examination and an 



accurate appraisal that one can elicit and properly intemret 

i 

his findings." 

It is hoped that the present tracking research has contributed in a small 

f j ! 

way to a more accurate appraisal o:: neurological function and that it 

t < } 


will help to stimulate more wide-spread use of systems engineering con- 


j I . i ■ 

cepts f.n the Study of nevirological (^isorders. 


APPENDIX A 


BRIEF DESCRIPTIONS OF VISUAL- ACTUITY AND SELECTED UPPER 

. V 

EXTREMITY TESTS IN THE CQNE AND SADLE* 


CQNE Tests ’f 



Vision : Distance vision is measured using a Snellen chart placed 

20 feet away from the subject. The. subject covers one eye at a time 
and attempts to read the smallest line possible. The smallest line 
read completely correct is recorded-- and the measure used is percent 
control visual efficiency. 

Grip Strength : A Jamar hand dynamometer is used to measure grip 

strength. Five trials are performed in succession with each trial con- 
sisting of the subject squeezing tbe handle with as much force as 
possible for 5 seconds. Grip strength is measured using the average of 
the maximum force exerted for the first 2 trials. Grip strength fatigue 
is measured as 100 times the ratio of the maximum force on the 5th trial 
divided by the maximum force on the 1st trial. 

Vfrist and Shoulder Strength : Wrist and shoulder strength are 

measured using a modified Newman myoraeter applied at a fixed point on 
the siibject's hand or wrist perpendicular to the direction of motion. 

For wrist strengi:h the subject places his arm on the arm rest of a chair 
with the wrist maximally dorsiflexed. The experimenter applies force 


*More detailed descriptions are fcund M Potvin (1971). 


Ill 


over the third metacarpal perpendicular to the dorsum of the hand. 

» T J x-1 t- ^ J_ f ^ .4 3 X. - ^ 4- 3 ^ -3 J T_ 
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fast as possible after the presentation of the stimuli. The average 
time between stimulus onset and response for 10 trials is taken as the 
test measure. 


Hand Speed and Coordination : A hand tapping board consisting of a 

row of keys mounted over a set of microswitches is the basic instrument 
for these two tests. For the hand speed test, the subject is instructed 
to tap anyone of the keys as quickly as possible for a 30 second period 
using the index finger. The measure for hand speed is the number of taps 
registered during the first 10 seconds. Hand speed fatigue is expressed 
as 100 times the number of taps in the last 10 seconds divided by the 
number of taps in the first 10 seconds. For hand coordination, the 
S'ubject is instructed to alternately tap as fast as possible 2 target 
keys, whose centers are 16 inches apart, without making any errors. The 
trial again lasts 30 seconds. Hand coordination and hand coordination 
fatigue are measured in the same manner as the hand speed measures . 

Rotary Pursuit : A Lafayette rotary pursuit apparatus which con- 

sists of a hinged stylus and a 3/4 inch diameter target rotating on an 
8 inch disk is used in this test. The s\ibject attempts to keep the tip 


of the 


stylus on the target while it rotates at 30 revolutions per 


minute j The average percent of time on target for three 20 second trials 


is used as the test measure. 


P^due Pegboard: This task requires the subject to pick up, move, 

, I hi 

^nd place, one at a time, a series of small pegs into a prescribed row 


of hol^s. The number of pegs placed; in .a 30 second trial is usejd as the 


test measure. 


Pencil Rotation : This task requires the siibject to rotate an 8 inch 

pencil using only the thumb, index,' and middle fingers. The top of the 
pencil is rotated away from the body and each time the pencil reaches 
the vertical position it is tapped bn the surface of a table. The 
subject is instructed to rotate and? tap as fast as possible without 
dropping the pencil. The average number of taps over two 10 second 

.'A 

.'A> 

trials is used as the test measure;! 

Touch Sense : A Cochet and Bonnet monofilament aesthesiometer con- 

I 

sisting of an adjustable nylon filament is used in this test. A 1 inch 
stroke is applied to the dorsum of the hand causing modest bending of 
the filament. The longest length of filament (in centimeters) for 
which the subject can feel three of. three strokes with his eyes closed 
is used as the test measure. I 

i 

Vibration Sense: An electrical vibrator, or biosthesiometer, is 

I 

applied to the pad of the subject's index finger. With eyes closed, 
the subject is asked to report when he first perceives the vibratory 
stimulus. The stimulus is slowly incremented from an amplitude of zero, 
and the average of three trials expressed in microns is used as the 
test measure. 

Position Seiise : This test measures the subject's ability to identify 


the position of l|is joints with his eyes closed. The distal joint of 

the index finger 'is examined first.. trials are used. If the 

subject correctly identifies the naturej Jf the examiner's passive positioning 


on all 4 trials, the testing is c 


and a score of 1 is received. 











Managing Buttons : A cloth covered board with a 1 inch button 

and a buttonhole and a sirailar board with a 1/2 inch button and buttonhole 
are used in these tasks. The tasks are referred to as large and small 
button, respectively. The subject is required to unbutton and then 
button the cloth as quickly as possible. 

Zipping a Garmen t: A cloth covered board with a 7 inch zipper is 

placed in front of the subject who is instructed to open and close the 
zipper twice as quickly as possible. 

Tying a Bow : A board with two 16 inch laces secured in the center 

is placed in front of the subject with the laces placed in parallel 
1 inch apart. The subject's task is to pick up the laces, tie a single 
knot and then a bo',^.' 

Cutting with a Knife : A 7 inch plate , held in place by a suction 
device, is placed in front of the subject. A piece of permoplast, 3 
inches x 3 inches x 3/8 inches, is placed in the center of the plate 
with a knife placed to the right of the plate and a fork to the left. 

The subject's task is to pick up the knife and fork, position them for 
cutting, cut 2 bite-size pieces of permoplast, and place the utensils 


on the , plate. 


Uding a Fork: A 7 inch plate I, with a 1/2 inch cube of permoplast is 


placed in front of the subject. A fork is placed to the left of the 

I M - 

plate. The subject picks up the spears the permoplast, and 

brings it up to his mouth. 


Squeezing Toothpaste : A board?^th a 1/2 inch line drawn in the 

center and with an uncapped tube of^toothpaste on the right is placed 

‘Vprl 

in front of the subject. The subject picks up the tube of toothpaste, 

saueezes it onto the line , and nuts^the tube back on the table . 

Dialing a Telenhcne: A standard, soring loaded telephone is placed 

= ^ 

directly in front of the subject, jyithout lifting the receiver, the 
subject dials 764-7172 which is written on a card in 3/8 inch letters 
placed in front of the telephone. 

Manioulating Safety Pins: Tv?o) standard 1 1/2 inch safety pins, 

'ft 

One onened and one closed, are placed in front of the subject. The 

'.7'/' 

task is to pick up and close the first pin and then pick up and open 
the second. 'I 

Putting on Gloves; A pair of ■ garden gloves are placed in front 

" ;<j: i 

of the subject whose task is to put on both gloves and clasp his hands 


together with his fingers intertwined. , 


APPENDIX 3 

INSTRUCTIONS READ TO SUBJECTS BEFORE 
ADMINISTRATION OF TRACKING TEST BATTERY 

"Please be seated . Place yoiir right arm on the control stick , 
grasping the handle so that your upper arm is vertical. Hake yourself 




the screen. I will tell you when to start and stop. The trial will 
last for 20 seconds. 

"Now that you have become somev;hat familiar with the characteristics 
of the control stick, we are ready to begin the tests." 


Step Tracking • 

"As we start the first test the large vertical line or target will 
move to the right of the screen. Position the control stick so that the 
small vertical line or follower lines up with the target. VJhen we begin 
the test the target v;ill jump suddenly to the left and then to the right 
and so forth at approximately 5 second intervals. Your task is to follow 
the target with the follower by proper movement of the control stick. 

Make your movements as fast and accurate as possible after the target 
makes its jump. Hold the stick steady until the next jump. Do not worry 
if you overshoot the target and have to move the stick back. You will 
be scored on how fast you react to target movements as well as how fast 
you perform your movements. Each trial will consist of 6 jumps. There 
will be 5 trials with a rest in between. Any questions?" 


Random ! Tracking 


"in this test the large target; line will remain fixed in the center 


of the j screen. You should begin by j having the control stick in the center 


position. When the test begins the small vertical line will start moving 


back aid forth across the screen ii a random manner. You must then 

! !•■ M . i 

ibegin moving the control stick to keep ithe small line as near td the 


center! of the screen as possible. 


B is, you must compensate for its 



movements . The task is much like driving a small sports car down a 
winding road under conditions of popr visability such as fog. Your 
score will depend on the average deviation of the follower from the 
center. There will be five 75 second trials. Any questions?" 


Critical Tracking il 

"In this test the target also remains in the center and you should 

"a‘ , 

begin by having the control stick in the center. I'dien the test begins 
the small follower line will begin .moving off the screen in one direction 
or the other. You must again compensate by moving the control stick to 
keep the line in the center. In this test, however, the line will res- 
pond more sluggishly to your movements than before so you must make 
your movements more quickly. As tiine increases it will become more 

‘f? 

difficult to keep the line in the center; The more you allow the line 
to stray from center, the harder it will be to control. This test is 
analogous to driving a truck without brakes down a hill with the speed 
gradually increasing as you go. The test ends when you can no longer 
keep the truck from going off the road into the ditch. Your score 
depends on how long you keep the line on the screen. There will be 
20 trials with a -.short rest between each 5 trials. Any questions?" 



APFEi-rDlX C 


INSTRLRffiOTATION 

The apparatus used in the tracking studies consisted of the 
following parts : 

I . Function generators 

A. Series of timer-relays for generating rectangular pulses 
for step trakcing (Figure C.l) 

B. Pseudo-random binary noise generator and analog filters 
for random tracking input (Figures C.2 and C.3) 

II. Computing equipment 

A. Tv.'enty-four amplifier A.b-i analog oorrp'Uter 

1. To prepare function generator signals for display 

2 . To compute performance measures 

3. To simulate controlled element dynamics 

B. Logic circuitry 


1. To properly time different aspects of tracking tasks 


2. To control critical task; (Figure C,4) 


I ' III. Display equipment i J ' 

! p 

A. Subject oriented: Dumontjp3j7A Large Screen Indicator 

I I iij j 

and special circuitryito .spl.it beam into target and 


follower signals (FigtrreiG jS!) ! 

J MM i i 

. Experimenter or:^entedj | j;: ’ | 

j i ' ' I I ■ ! 

1. Digital voltmeter^ t| laisnilay ^rformance scores 
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IV. 


V. 


2. Brush recorder to display time tracings 

3. Mosley x-y plotter to display phase plane trajectories 
Position control stick designed and constructed by the 
University of Michigan Man-Machine Systems Laboratory 

Four channel Ampex SP-300 FM recorder to obtain permanent 
tracking records 


The low frequency random voltage used as a target signal in the 

random tracking task was obtained from a 12 stage sequence generator 

followed by a low-pass analog filter (Figure C.2). The sequence 

generator is a clock driven shift register with the modulo-two sum of 

the twelvth, sixth, fourth, and first stages fed back to the first stage. 

N-1 

With this feedback, the output is a pesudo-random sequence of period 2 , 

where N is the number of stages, in this case, 12. This can be shown 
to be the period which can be obtained using an N stage register. The 
sequence is then low-pass filtered to provide analog noise with closely 
controlled characteristics . 

The clock frequency chosen is a fuJction of the cutoff frequency 


of the low-pass filter. The clock frequ 


I 

en 


to 

wi 

It 


cutoff frequency to ensure that the analog jnoise has a flat spectrum out 


cy must be high compared to the 


the bandwidth of the filter. However, 


i! 


too high of a clock frequency 


|.l result in a skewed analog jnoisej amplitude distribution (Gilson, 19p6), 

''HI, I 


has been foimd that a clock 


Gaassian amplitude distributiop. 


frequfen j cutoff frequency; ratio of 


abput 20 to 1 yields an analogs signal : i closely approximated 


Fcp-jj 



utoffi frequency’ of 0.3 rad pi 


i 





Fig. C.l Computer Mechanization for Step Tracking Task 






12 Stage Shift Register 



Fig. C.2 Pseudo-Random Noise Generator. 












Fig. C.3. Computer Mechanization for Random Tracking Task 







Fig. C.4 Computer Mechanization for Critical Task 
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APPEMIX D 

TECMIQUE FOR OBTAINING PO^VER SPECTRAL DENSITIES 


Error power spectral density fiinctions were obtained from a computer 
analysis of the error records for ttie random tracking task. The analysis 

yf 

makes use of programs written by Stern (1971). 

As implemented , the technique involves calculation of the error 
autocorrelation function and subsequent computation of its Fourier trans- 
form to obtain the error power spectral density function (Figure D.l). 

The autocorrelation function is defined as: 

■.f 

T 

f ^ 

tT 


R (T) = limit ~ / e(t)e(t - T)dt. 
ee „ 2T •' 


T-Ko 


In practice, it is possible to correlate only over a finite time span 
and thus obtain only an estimate of the true function. For this purpose, 

I 

an on-line continuous correlation program for a Hewlett-Packard 2115A 
mini-computer was employed. The error signal was sampled at 20 times 
per second and correlation functions were processed in blocks of 256 samples. 
Each newly calculated correlation function was averaged with the previous 
estimate to obtain the- current average estimate. The error records 
consisted of fiv^ 75 second runs, and the final correlation estimate 


was based on the 


average of 25 blocks of 256 sample each. 


The error pbwer spectral densitit^y were obtained by Fourier 

transforming Rg^CT) as shown in the fo]l(j>wing relationship: 


S Cf) = / R (T) 
ee •' ee 



Error Auto Correlation, Ree(T) 
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A 256 point Fast Fourier Transform based on the algorithm developed by 
Cooley and Tukey (1965) was used for the integration process. Since (auto) 
power spectral density functions have a zero phase angle for all fre- 
quencies, only the magnitude of S (f) was considered. 

ee 
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